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Probably no group of insects has received more attention at the 
hands of economic entomologists than aphids, or plant-lice. Their 
interesting and often complicated biologies have attracted the atten- 
tion of investigators, not only among entomologists, but among 
workers in the larger fields of zoology and general biology. While 
a large amount of work on the life histories and biologies of aphids 
has been done, corresponding progress in their classification has not 
been made. This is probably due to several causes, such as the lack 
of correlation of biologic and taxonomic facts, and the failure of 
aphidologists to consider sufficiently the results of the work of others. 

On account of the great economic importance of aphids and the 
necessity. of their study in the development of control measures, the 
lack of knowledge concerning their systematic relationships results 
in much confusion. Some biologic workers, in fact, do not now at- 
tempt to give the name of the species being studied on account of the 
difficulty experienced in securing correct determinations. 

1This paper is the first of a series treating the Aphididae. It will be followed by others dealing with 

the economic importance, biologies, and relationships of species in the different genera. 

141613°—20—Bull. 826——1 
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The present work was undertaken in the hope of remedying such 
a condition to some extent at least. The genera of the world have 
been studied. Many workers have lent material and the large col- 
lections of the National Museum and Bureau of Entomology have 
been drawn upon. In the National Museum collection a large per- 
centage of types has been available. To the study of preserved 
material have been added embryological, anatomical, and biological 
investigations that a better understanding of the natural relationships 
might be gained. 

Besides many aphidologists in this country and abroad, who have 
given helpful suggestions and many of whom have read and criticized 
the manuscript, the writer is indebted to Dr. A. L. Quaintance, of 
the Bureau of Entomology, for the facilities for conducting many of 
the biological investigations which to a large extent have laid the 
foundation for the systematic treatment here given. 

Superfamily APHIDOIDEA. 

There appear to be two distinct families in the superfamily Aphi- 
doidea. These are the Aphididae and the Phylloxeridae. The present 
paper deals only with the Aphididae. 

Members of the Phylloxeridae differ markedly from forms belong- 
ing to the Aphididae. In the first place their biologies are quite 
different in that parthenogenetic oviparous forms occur during the 
summer. In the Aphididae only the sexed females which are pro- 
duced in the fall are normally oviparous. 

Tn structure the two families are separated at once by the formation 
of the stigma of the forewing. The wing itself seems very little 
different in an Adelges or Phylloxera from that in some of the special- 
ized genera of the Aphididae. An examination of the freshly emerged 
wing, however, as has been pointed out by Dr. Patch, shows that the 
stigma in the Phylloxeridae is formed by the radial sector and the 
stigmal vein is the media. In the Aphididae, on the other hand, 
the stigma is formed by radius , and the stigmal vein is the radial 
sector. The two families may thus be separated as follows: 

Kery TO THE FAMILIES OF THE APHIDOIDEA. 

Summer parthenogenetic oviparous forms produced: Stigma formed by 
tie tenia! Sector ......2..0c.aemcen eae necotee eee ene te ee ee ee. e eee PHYLLOXERIDAE. 

Only sexual oviparous forms produced: Stigma formed by radius,...--... APHIDIDAE. 

A word of explanation in regard to the name Phylloxeridae may 
be necessary. The genus Chermes was erected by Linnaeus in 1758 
and in 1862 was replaced by Psylla Geoffroy. For this genus Chermes 
jicus L. was set as type by Lamarck in 1801. Ficus, therefore, be- 
comes ipso facto the type of Chermes, and Chermidae the family 
name of the ‘“‘jumping plant-lice.”” The family name for the aphi- 
doidean group, therefore, is derived from the genus Phylloxera 
Boyer (1834). 
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PHYLOGENY OF THE APHIDIDAE. 

ska many published classifications of the Aphididae those groups 
which according to the writer’s conception are the most specialized 
have been placed as the most primitive. This is the case with those 
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insects forming in the pan classification the Eriosomatinae and 
the Hormaphidinae. 
A study of the anatomy and the biology of aphids makes it evident 

that there are three main groups of living forms for which subfamily 



4 BULLETIN 826, U. S. DEPARTMENT OF AGRICULTURE. 

names are here used: Aphidimae, Kriosomatinae, and Hormaphidinae. 

Besides these there is the one species, in some ways a relic of the 
past, forming the Mindarinae. 

As will be seen by the diagram (fig. 1), the Aphidinae is considered 
the most primitive subfamily of the three main groups. This is 
substantiated by the habits of the insects, by the structure of the 
wings, beak, etc., and by the sexual forms. 

Practically all of these insects are foliage or twig feeders. They 
live, as a rule, in colonies and have not developed any very special 
methods of life, such as highly complex gall formation. With the 
exception of the Mindarinae the most primitive wing structure oc- 
curring in the family is met with here. The media is most commonly 
twice branched throughout the subfamily and even in the Mindarinae 
there is more of a reduction than this. The antenne are of six 
segments, the largest number found in the family, and the sen- 
soria: are simpler in nature than those met with in the other two large 
subfamilies. The beak in the Lachnini shows also a primitive 
condition in its segmentation. 

The sexual forms are most primitive in the Aphidinae. Winged 
sexes often occur, at least the males are very commonly winged. Both 
sexes still retain their beaks and feed on their hosts in the same 
way as do the other forms, and the ovaries of the female develop 
normally, and she produces several eggs. ‘ 
When the phylogeny of this subfamily is studied, there becomes 

evident the primitive character retained by the Lachnini. In these - 
forms the beak structure and the nature of the antenne and 
cornicles point to a primitive condition. The sexes, too, indicate 
this, though not markedly more than in other tribes. But the fact 
that these forms are mostly conifer feeders should not be overlooked. 
It is the opinion of the writer that this is a primitive habit. 
The Lachnus branch, therefore, may be considered the lowest branch 
of the Aphidinae. If the wings of fossil aphids be examined it 
will be seen that by far the greater number of them possess.a wing 
structure quite different from that of our hving forms. The radial 
sector arises back of the stigma, which is usually very long and narrow. 
This character is retained probably only in the Mindarinae. It is 
evident, then, that during the development of the present Aphidinae 
this vein migrated toward the tip of the wing until it came to stand 
either in the middle of the stigma or near its tip. On one line of 
this migration is the Lachnina wherein the vein has reached nearly 
to the tip of the wing and become short and straight. The remain- 
ing characters apart from the wings have in these forms remained 
quite primitive. The subtribe Eulachnima is evidently a more 
specialized group on this same line of development, for 14 possesses 
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the same type of wing. Therefore this subtribe is considered quite 
closely related to the subtribe Lachnina but differmg from it in 
specialization of body form, cornicles, and eyes. The other sub- 
tribes of the Lachnini have quite a different wing structure. While | 
the radial sector has changed its position considerably from that 
found in the fossils it has not reached the tip of the stigma and is not 
straight, but much curved. In this regard, therefore, the Pterochlor- 
ina is perhaps the most primitive subtribe in the Lachnini, although 
in many respects it is specialized. On the other hand ther are two 
highly specialized subtribes, the Anoecina and the Tramina. It is 
usually the custom to place the Anoecina with the Pemphigina. Its 
relations, however, are here. The adult forms are very similar in- 
deed to the lachnids. The sexual forms, on the other hand, are 

- small and apterous and suggestive of the sexes of the Eriosomatinae, 
and there is considerable ground for placing the Anoecina there. 
These sexual forms, however, seem to differ quite distinctly from 
those of the Eriosomatinae, which are beakless and the oviparous 
female of which never develops more than one egg. The develop- 
ment of the stigma shows quite an extreme modification from the 
long, narrow, primitive stigma. 

Near this same line of development is the rather highly specialized 
subtribe Tramina. The most marked character of this subtribe is 
the extreme modification of the hind tarsi. In considering only the 
genus Trama it might be thought that the tribe should belong with 

_ the Eriosomatinae. The species troglodytes has often been figured 
with cornicles in the apterous form. Specimens from Mordwilko 
and Schouteden determined as this species lack them and the writer 
therefore considers ‘Trama as the most specialized genus in the sub- 
tribe. Another genus represented by radics Kalt. shows cornicles 
very large and of a typical Lachnus character. Through this genus, 
therefore, the subtribe can be placed at once with its relatives in the 
Lachnini. Apart from the Peculiar tibial character this genus is very 
lachnid-like. 

The next branch from the Aphidinae is the Callipterus branch, 
which may be considered as arising somewhat later than the Lachnus 
branch. From this offshoot soon after it arose and before the present 
genera of the Callipterini appeared the Thelaxini separated. 

This tribe, the old Vacuini, also has usually been placed with the 
Kriosomatinae. There are some resemblances, it is true; only one 
ege, for instance, is usually laid by the sexual female. But this is 
not always the case, for, according to Buckton, more than one egg is 
sometimes laid. euch a condition shows that ile one egg habit is of 
much more recent development than in the Eriosomatinae. More- 
over, the sexual female is very different in structure. She is not the 

2 
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degenerate, beakless, nonfeeding individual of the Eriosomatinae, but 
feeds upon the leaf like the viviparous forms. Moreover, in external 
structure these insects resemble certain ones of the Callipterini, to 

-such an extent, indeed, that Davidson has described one of these 
forms as a Chaitophorus. Certain of the structures met with in these 
forms resemble those found in the Hormaphidinae and on these 
structures the tribe might be placed there. The writer believes, 
however, that the true affinities of the tribe are shown by comparison 
with the Phyllaphidina. It will be seen at a glance that there is a 
very close resemblance in all main characters. But the sexual forms 
are different, although not so strikingly different as would appear at 
first. In the Phyllaphidina both winged and wingless ovipara and 
as a rule winged males occur. But in some species (quercifoliae) 
intermediate and apterous males also occur. It is not a very long 
call, therefore, from the apterous males and females of the Phyl- 
laphidina to the apterous sexes of the Thelaxini. But the habit of 
egg laying met with in this last tribe shows that it has been on this 
course of development longer than has the Phyllaphidina. The 
group is therefore considered as a tribe which has separated some- 
what earlier and yet has paralleled in some ways certain characters 
of the Phyilaphidina. 

Continuing with the Callipterus branch we find two somewhat 
similar lines of development, the one represented by the Callipterina 
and the other represented by the Chaitophorina. Both are similar 
in many regards, but are quite different in the armature, particularly 
of the antenne. 

The first subtribe separating from that offshoot represented by 
the Callipterina is the Phyllaphidina. This seems evident from the 
fact that the oviparous forms of some species are yet alate, a primi- 
tive condition found very seldom in the Aphididae. The next off- 
shoot resulted in the Callipterina where the oviparous forms are apter- 
ous, the cornicles of moderate development, and the wing veins 
usually not reduced. From this offshoot the Saltusaphidina evi- 
dently arose. This little subtribe is closely related to the Callip- 
terina in many ways, but there are some new developments. In 
the first place the power of leaping has become developed by the 
enlarging of the femora. Secondly, both the sexual forms have lost 
their wings, which the male usually retains in the Callipterina. One 
of the most important points, however, is the fact that in the Sal- 
tusaphidina the ocular tubercles which represent the retained larval 
eyes are absent, whereas they are quite conspicuous in the Callip- 
terina. . 
On this same Callipterus branch, but somewhat more specialized 

than the Callipterina, are two subtribes. These have specialized 
in opposite directions, the one toward the elimination of the cornicles 



GENERIC CLASSIFICATION OF APHIDIDARK. ~ 7 

and the other toward the development cf them. ‘The first subtribe, 
the Monaphidina, lacks cornicles above. The second of these two, 
the Drepanaphidina, possesses them in varying degrees. In this last 
subtribe the males are winged, and the females have developed an 
extremely long, narrow ovipositor. 

Coming now to that line represented by Chaitophorus, the Chai- 
tophorina are found to be the most generalized, corresponding quite 
closely with the Callipterina. In this subtribe males are winged as a 
rule, but sometimes in the same species they are intermediate or 
apterous. Arising from the same branch with the Chaitophorina 
are two subtribes specialized in different directions, like the sub- 
tribes of Callipterus. The first, Fullawayina, lacks cornicles entirely, 
whereas the Pterocommina has developed them in varying degrees, 
as has the Drepanaphidina. This concludes the subtribes of the 
Callipterus branch. | 

In connection with these insects the tribe Greenideini should be 

considered. The cornicles of the primitive aphids were evidently 
small, somewhat rounded or conical, and armed with hairs. In the 
Greenideini the insects have very long cylindric or somewhat swollen 
cornicles which are thickly covered with prominent hairs. No such 
well-developed cornicles are met with in any of the other tribes of the 
family, although they are approached in the Macrosiphina. In this 
latter subtribe species occasionally occur which show a few short hairs 
on the cornicles. It seems evident then that the Greenideini separated 
from the Aphidinae before the hairs of the cornicles disappeared. 
This was evidently more recent than the development of the tribe 
Lachnini which possesses a much more primitive cornicle. At about 
the same time that the ancestors of the Callipterini separated from 
the Aphidinae, other forms probably separated and more or less 
paralleled in some ways the ancestors of the Macrosiphina, but unlike 
them carried the hairs of the cornicles. They thus resulted in forms 
with very long cornicles similar to those of the Macrosiphina but 
armed with long hairs. In other characters, too, they of course differ, 
particularly in regard to the cauda. 

In considering the further development of the Aphidinae, a more 
or less distinct development of the cornicles and antennal tubercles is 

found. There are thus two types which separate themselves, rep- 
-resented by Aphis and Macrosiphum respectively. These may be 
considered as leaving the aphid line at about the same time after the 
development of prominent cornicles. There are, consequently, two 
subtribes, the Aphidina and the Macrosiphina. The Cervaphidina 
represents a group of insects armed with long, somewhat cylindric 

- cornicles, and very prominent spinelike protuberances. The number 
of antennal segments is somewhat reduced, as is also the wing vena- 
tion. It seems evident then that this is a subtribe on somewhat the 
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same line of development as the Aphidina but developing these spec- 
ialized spines during the same period in which the wings and antennze 
have become reduced. Still another subtribe, the Pentalonina, 
shows a very peculiar wing venation. This is not so much a primitive 
wing as a more specialized one. It is placed, therefore, as one of the 
highest subtribes of the Aphidini. 

There remains yet for discussion the tribe Setaphidini. This, it 
seems evident, belongs with the Aphidmae. In regard to the an- 
tenne and the wings it is quite highly specialized but in regard to the 
cornicles, cauda, and anal plate this statement can not be made. The 
natural position of this tribe is somewhat doubtful. Its ancestors 
evidently separated from the aphidian line before the prominent corn- 
icles of the Aphidina, Macrosiphina, etc., appeared and yet the species 
are more specialized in many ways than are members of those sub- 
tribes. It would appear that the lines separated after that of the 
Greenideini, for the cornicles are not hairy. Yet this separation must 
have taken place a considerable time before that of the Aphidina and 
Macrosiphina. The tribe is placed, therefore, as indicated in the 
diagram (fig. 1). 

The subfamilies, other than the iris include the most spec- 
ialized members of the family. By far the most primitive of these 
subfamilies is the Mindarinae. This subfamily, as has been indicated, 
is a remnant from the past, giving some idea of the ancestors of the 
Eriosomatinae and the Hormaphidinae. The wing structure is partic- 
ularly worthy of study. The wing of no other living aphid is lke it, 
but this peculiar structure is abundantly met with in fossil forms. 
The media, it is true, is more reduced than in certain members of the 

Aphidinae, but this is of very little importance as compared with the 
wing’s peculiar structure. The form also feeds upon conifers and this 
is undoubtedly a primitive habit. The cauda and anal plate are 
unlike those met with either in the Eriosomatinae or the Hormaph- 
idinae. 

The sexual forms are interesting. They have become sufficiently 
specialized toward the Eriosomatinae to have lost the wings, but they 
retain the beak, at least in most individuals, and feed. The ovaries 
of the oviparous female also are developed so that a number of eggs 
are laid. 

The two remaining subfamilies are the most highly specialized of all 
aphids. 

The Eriosomatinae are in many ways more specialized than the 
Hormaphidinae, but in other ways they are more primitive. The 
whole Eriosoma line separates at once on the sexual forms. These 
are small, apterous, and beakless. Throughout their life they take 
no nourishment, and the ovaries of the oviparous female become 
atrophied, so that only one develops and of the eggs therein only one 
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reaches maturity. The most primitive tribe on this line is the 
Eziosomatini. The forms of this tribe are not as a rule distinct gall 
formers. They possess rather prominent cornicles and have devel- 
oped special wax glands., They live as a rule upon deciduous trees, 
the summer forms of many species alternating upon the roots of 
plants. z 

More specialized than the Eriosomatini are the Pemphigini, which, 
however, are very similar to the former in many respects. These are 
distinct and true gall formers on deciduous trees. For part of the 
year they are usually altogether closed within the gall. Wax secre- 
tion is common and the cornicles are present, but reduced to mere 
rings. 

The Melaphini are closely related to the Pemphigini and are gall 
formers like them. These forms, however, have lost entirely the 
cornicles which are usually still retained in the Pemphigini. 
A somewhat different specialization is met with in the Prociphilini. 

Here wax secretion has developed at the expense of the cornicles ‘so 
that these organs are absent, at least in nearly all the forms of the 
species. Large wax plates have taken their places. The species are 
not true gall formers, but live upon foliage which they cause to roil or 
crumple into a pseudogall. Development along this line is also pres- 
ent in the next tribe, the Fordini. 

Here the cornicles are also absent, being replaced by large wax 
glands, but’ the species are nearly all root feeders and are usually 
associated with ants, often living with them in their nests. This tribe 
may be considered the most specialized of all the Eriosomatinae. 

The same specialization in the sexual forms has not occured in 
the Hormaphidinae. They are small and apterous, it is true, but 
they possess beaks, they feed, and the oviparous female lays more than 
one egg. In one regard, however, these insects are more specialized. 
Many of them have developed a pecular aleyrodiform stage, which is 
quite different from anything occuring elsewhere in thefamily. Along 
with this development peculiar wax glands have made their appear- 
ance so that some of these forms look very much like aleyrodids 
and are indeed often mistaken for them. 

The most primitive tribe here is the Oregmini, which, although it 
possesses many of the other characters met with in these forms, lacks 
the aleyrodiform stage. ‘These insects possess quite distinct cornicles. 

Closely related to the Oregmini is the Cerataphidini. These insects 
likewise possess cornicles and in several ways suggest the Oregmini, 
but they have developed a distinct aleyrodiform stage and in this — 
regard are much more advanced than the members of that tribe. 

Lastly, and perhaps most specialized of all, are the Hormaphidini. 
These insects are curious gall formers, not only on their primary host, 
but often on their secondary one as well. They lack cornicles and 
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have developed aleyrodiform generations and wax secreting structures. 
In many ways the specialization of these insects is most remarkable. 

Key TO THE SUBFAMILIES OF THE APHIDIDAE. 
. 

1. Sexual forms small with functioning mouth parts absent. Oviparous 

female with allthe egg tubes present or indicated in the embryo but the 
adult possessing only one tube and maturing one cell so that one egg only 
is laid. Cornicles much reduced or absent. Wax glands abundantly 

developed. Wing veins usually reduced. Antennal sensoria prom- 

IMENT Ret eee ces oe tee AS ok ee acl een ce ee ne eee ERIOSOMATINAE. 

Sexual forms with functioning mouth parts. Nearly all the ovarian tubes 
developed in the adult oviparous female........... Sion aap eee 2: 

2. Radial sector of forewing inserted mesad of thestigma. Sexessmall. Ovi- 

parous female laying several egos: . 225. 22 ecsc dec. eteas se eee MINDARINAE. 

Radial sector not so inserted but arising from thestigma............-....--- oe 

3. Forms usually gall makers. Wing veins much reduced so that the media is 

usually simple. Wax glands usual. Antennal sensoria annular. Aley- 

rodiform stages common. Sexes wingless as arule and small..HoORMAPHIDINAE, 
‘Forms not usually gall makers. Wing veins often not reduced. Wax 

glandsnot abundant. Antennal sensoria oval or subcircular. Aleyrodi- 
formstagesrare. Corniclesoften little reduced. Winged males common. 

APHIDINAE. 

Subfamily I, APHIDINAE. 
The subfamily Aphidinae contains many of the most primitive 

insects in the family. Indeed, with the exception of the Mindarinae 
the subfamily may be considered as by far the most primitive. 

The oviparous female, in all the tribes, develops the ovaries in a. 
normal way and lays several eggs. An exception to this, however, is 
the Thelaxini, but here two or more eggs are sometimes laid. The 
males may be either alate, apterous, or intermediate, and in many 
species which possess the migratory instinct they are often produced 
on quite a different food plant from the oviparous form. The stem 
mothers are in practically all cases apterous, but the remaining gener- 
ations throughout the year may or may not be winged. In many 
species a larger percentage of winged forms occurs in certain 
generations and a larger percentage of apterous forms in others. 
In some species, however, this does not appear to be the case. In 
certain of the Callipterini practically all of the viviparous forms other 
than stem mothers are winged. 

The insects are mainly foliage feeders, but they also attack the 
stems and roots. They occur both upon woody plants and herbs. 
Their feeding may have little apparent effect upon the host or it may 
‘cause distortions or pseudogalls. Some species are particularly in- 
jurious to their hosts and when these are economic plants cause much 
loss. 

Great variation is met with amongst the members of the subfamily. 
The antenne are rather long and slender and as a rule are armed 
with subcircular sensoria. In most of the forms the sixth segment 
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possesses an elongate narrow unguis, which in some of the Callipterini 
and Aphidini is remarkably developed. In the more primitive 
groups, however, this is short and thumb-like. The head of the 
apterous form differs much from that seen in the Eriosomatinae, in 
that true compound eyes are present and often very prominent, and 
the small larval eyes are seen as ocular tubercles. It is noteworthy 
that in the Eriosomatinae the alate forms possess distinct compound 
eyes but the apterous forms have lost them. The wings are in 
general quite similar throughout the family in regard to the venation. 
In color, shape, and location of the veins there is often considerable 
difference. Moreover, there are a few genera amongst the different 
tribes which show abnormal wing form, of which genera Microparsus 
is a good example. In the typical forms of this subfamily the media 
of the fore wing is twice branched, but it is very commonly branched 
only once and it is rarely simple. 

The cornicles show remarkable variation. In some forms of the 
Callipterini they are short and slightly swollen at the basé, in the 
Lachnini they are low broad cones, whereas in the Greenideini they are 
cylindrical and sometimes longer than the body. Between these 
extremes every gradation occurs. The cornicles may be straight or 
they may be swollen to a greater or less degree. Practically ali forms 
eject a colored wax from these organs when disturbed. 

The cauda shows almost as much variation as the cornicles, some- 
times being short and rounded, in other cases elongate, spatulate, 
or conical, and in others distinctly knobbed. Variation also is met 
with in the anal plate, though this usually is rounded, In the Callip- 
terini, however, it is often bilobed. 
The tribes of the subfamily may be separated as follows: 

Key To tHE TRIBES OF THE APHIDINAE. 

ieee Cormicles/situated: oni broaditlat cones 22.2 ee ee eae ee cece coe tac 2s 

Cornicles truncate, or more or less elongate.......-.--.---..-------++----- 3. 
2. Cornicles and antenne hairy. Antennz with the unguis short and thick. - 

LACHNINI. 
Cornicles and antennze not hairy. Antennz with the unguis long and 

BEC TTC E Tapey er eey es e g Ue = alae aba Vie Bi Smee 2 eee ee Se SETAPHIDINI. 

aameooruicles clothed with long hairs... 2.0. .sta2) i222 sees e scene GREENIDEINI. 
Corniclesinever with long hairs... 9--- 22.2 soso see Siem Sl esta Se 4. 

4. Thorax of alate form with the lobes not prominently developed; oviparous 

form smail, often laying one egg. Large wax plates present...-..-. THELAXINI. 
Thorax of alate form with the lobes prominently developed; oviparous 

female laying several eggs. Large wax plates usually absent.......... 

5. Cornicles truncate or elongate; when elongate the cauda knobbed, and the 

anal plate bilobed, or the antennz prominently hairy....-....-- CALLIPTERINI. 
Cornicles not truncate, usually elongate. Cauda never knobbed. Anten- 

nee with) onhyladew spimelike hairs. (Ueee2/ $2.04. Js 2. ee A PHIDINI. 

On 
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Tribe LACHNINI. 

The tribe Lachnini is the most primitive of all living aphids, with 
the exception of the Mindarmae. The genus Mindarus shows in its 
wing structure characters more primitive than any of the Lachnini, 
but in other characters such as those of the beak, cornicles, cauda, 
sensory structures, etc., the Lachnini are very primitive insects. In 
examining the fossil wings it is to be noted that the radial sector is 
situated back of the stigma. In practically all living aphids, with the © 
exception of Mindarus, this vein has migrated toward the tip of the 
wing. In primitive forms the stigma is long and narrow, whereas in | 
most living forms it has become more or less compact. In thesubtribe 
Lachnina the radial sector has become a very short, straight vein almost 
at the tip of the wing. This shows that the Lachnina are evidently 
more advanced than the Pterochlorina in which the radial sector is 
somewhat curved and situated near the middle of the stigma. The 
subtribe Eulachnina is considerably specialized, as indicated by the 
eyes, the shape of the body, and the cornicles. It is, however, as 
closely related to the Lachnina as are any of the other tribes, as will 
be seen from the formation of the wing. The Anoecina in the typical 
genus shows a wing with a short blocky stigma, a condition quite 
different from that seen in the Lachnina, and the radial sector is here 

curved. (In Nippolachnus, however, the stigma is still long and 
straight.) Moreover, the sexual forms are more specialized, being 
apterous in both cases. Anoecia, therefore, is somewhat removed 
from Lachnus. The genus Trama is considerably specialized, in 
that it lacks cornicles in the apterous form. It is, however, related 
to Lachnus through Neotrama with small cornicles, and Protrama 
with large hairy cornicles. 

The rostrum in the Lachnini is in many species five-segmented, a 
primitive character most marked in this group. The freshly emerged 
wing of a lachnid shows that M,, M,, and M,,, are the veins repre- 
sented when the media is twice branched, and that in some species no 
vein is formed about M,. The cubitus and first and second anal 
are present in the forewing. As in other Aphididae, however, no 
vein forms about the second anal. The radial sector is in Lachnus 

a short, straight trachea and a prominent vein forms about it. The 
stigma, as in all members of the family, is formed by radius,. In the 
hindwing both media and cubitus are present and form distinct 
veins. a 

The antenne of the Lachnini are six-segmented with a short 
unguis. They are usually armed with oval or subcircular sensoria 
and prominent hairs. In fact, the entire body of the insect is hairy. 

The cornicles are characteristic. They are situated on distinct 
cones which are constricted before the somewhat flanged opening 

which is not situated over the center of the cone. The cones are arm- 
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ed with hairs. Some specialized forms have small cornicles or none 
at all. Wax-secreting structures, but no distinct gland areas, are 
present in this tribe and a coating of fine wax is often found over the 

entire insect, including the appendages. This is true of the oviparous 
forms, as well as of the viviparous ones. 

The cauda and anal plate are here rounded, never developed into 
elongate structures as in some of the other tribes of the subfamily. 
The sexual forms are nearly as unspecialized as the viviparous ones. 
Both sexes possess a distinct rostrum and take food. The maies in 
the typical subtribes are winged. The females are apterous, but the 
ovaries are developed and several eggs are laid by each individual. 

KeEy TO THE SUBTRIBES OF THE LACHNINI. 

1. Radial sector of fore wings curved and of moderate length...........--.-- 2 

Radial sector of fore wings short and straight, situated near the tip of the 
DUM pene mt NN Nee iM naiee eC cch tia aii ate atajs osley Sahel Basi wie, Sinfsrs aici aia/ahesiers 4 

2. Hind tarsi extremely elongate, head divided, wing venation usually faint. 
TRAMINA. 

PHA RSISMOTIO A stare Seen e eas LUC. wun aie ees cle ae Ore Se eee 3. 

a.) Suema short and thick, sexes both apterous .-.--.....-...--.-.-.-.- ANOECINA. 
Stigma elongate, males often winged........-...-..---.-.----- PTEROCHLORINA. 

4. Form elongate and very narrow; antenn with bristles, cornicles not hairy; 

eyes warnoutocular tubercles: 4-25. 2/5216 521.2 52st a eels EULACHNINA. 
Form not elongate; cornicleson hairy cones; eyes with ocular tubercles. . LACHNINA. 

Subtribe ANOECINA. 

The subtribe Anoecina is suggestive of the Tramina, but none of 
the forms are as specialized as some of the genera of that subtribe. 
The typical genus is quite distinctive in the short rounded stigma 
and in the sexual forms. The genus Nippolachnus, however, has 
a stigma quite Lachnus-like in appearance. Only two genera are 
known at present. 

KEY TO THE GENERA OF THE ANOECINA. 

1. Head not divided; eyes with prominent ocular tubercles; stigma of wing 

Bn ENG SOME Cds .2 2 ates eth. OSI SAE Sd ESIC SIG oO Anoecia. 
2. Head divided; eyes without ocular tubercles; stigma long and straight. 

Nippolachnus. 
Genus ANOECIA Koch. 

Plate 1, A-F, I. 

1857. Anoecia Koch, Die Pflanzenlaiise Aphiden, p. 275. 

Characters.—Head not divided, front somewhat rounded. Eyes prominent but not 

distinctly set off from the head. Antenne of six segments, armed with subcircular or 

oval or elongate sensoria and covered with hairs. Fore wings with the media once 

branched. Stigma short and thick. Hind wings with both media and cubitus 
present. Cornicles situated on broad hairy cones. Cauda and anal plate somewhat 
rounded. 

Spring forms free, living in colonies; summer forms often subterranean. Sexes 
small and apterous, possessing beaks and feeding. Oviparous female laying one or 
more than one egg. 

Type (monotypical), Aphis corni Fab. 
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Genus NIPPOLACHNUS Matsumura. 

Plate I, G, H, J, K. 

1917. Nippolachnus Matsumura, Journ. Coll. Agr. Tohoku Univ., v. 7, pt. 6, p. 382. 

This genus is closely, related to Anoecia Koch and yet it retains 
many Lachnus characters which are not present in Anoecia. It is 
separated from that genus by several important points. The head 
is distinctly divided as it is not in Anoecia. The stigma is long and 
Lachnus-like and the eyes have not the small prominent ocular 
tubercles of Anoecia, but are rounded on their posterior margins. 

Characters.—Antenne of six segments, armed with prominent protruding sensoria 

and many hairs; head divided; eyes without prominent ocular tubercles. Wings 
with the media once branched, the stigma rather long and narrow. Cornicles on large 

broad cones entirely covered with hairs. 

Spring forms free, migrating in summer to alternate hosts. Sexes small, males 

winged. 
Type (fixed by Matsumura, 1917), Nippolachnus piri Mats. 

Subtribe EULACHNINA. 

The subtribe Eulachnina is related to the Lachnina quite closely, 
as can be seen by the wing structure where the radial sector is a 
straight, short vein extending across the tip of the wimg. The 
media also is faintly indicated. In the other branch of the tribe in 
which the Anoecina and Tramina are found, the radial sector is 
curved as it isin Aphidina, etc. Members of the Eulachnina may, 
however, be separated at once from the Lachnina on the elongate, 
narrow shape of the body, the abruptly rounded cauda, the character 
of the cornicles, and the absence of ocular tubercles upon the eyes.’ 
The subtribe is evidently quite specialized as compared to the Lach- 
nina. 

Characters.—Eyes large and set off from the head; ocular tubercles not evident; 
antenn slender, armed with bristles or spines, not slender hairs. Cornicles shallow, 

not on distinct hairy cones. Cauda abruptly rounded.. Body very elongate and 
slender, scarcely wider than the head. 

KEY TO THE GENERA OF THE EULACHNINA. 

1. Antenne of five segments, armed with minute bristles................ Essigella. 
Antenne Of six ‘Se@IMeNiSs. Jase. 2. Fee ee oe ee ee ae 

2. Media once branched, antennz with long stout spines...........--.-. Eulachnus. 
Media. twice: branenedica. eae se = ee ee eee ere) ee eee Todolachnus. 

Genus ESSIGELLA Del Guercio. 

Plate I, S-Y. 

1909. L£ssigella Del Guercio, Rivista Patol. Vegetale,n.s., v.3, p. 329. 

The genus Essigella is quite similar to Eulachnus with the excep- 
tion of the antenne. 

Characters.—Head with large outstanding eyes, very much broader than long. 
Antenne of five segments, imbricated, armed only with a few minute bristles. Fore 
Wings with the media faintly indicated, once branched, hind wings with both media 
and cubitus present. Cornicles chitinized rings situated close to the body, no hairy 
cones present. Caudarounded. Body elongate and narrow. 

Type (monotypical), Lachnus californicus Essig , 
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Genus EULACHNUS Del Guercio. 

Plate I, L-R. 

21853. Cinaria Curtis, British Entomology, v. 12, section 576. 

1909. Eulachnus Del Guercio, Rivista Patol. Vegetale, n. s., v. 3, p- 329. 

1915. Protolachnus Theobald, Bull. Ent. Res., v. 6, p. 145. 

Del Guercio erected the genus Eulachnus without setting a type, 
but Wilson: has indicated agilis Kalt. as the type. Apparently, 
therefore, the genus must be based upon that species. Theobald’s 
genus was based on his tuberculostemmata, a species in which the char- 
acters are the same. Cinaria was erected with pint L. as type, but 
this was questioned. 

Characters —Head divided, eyes rather large and outstanding; antenne of six seg- 
ments, armed with long stout bristles. Fore wings with the media faintly indicated 

and once branched; hind wings with both media and cubitus present but faint; cornicles 

minute rings, not situated on hairy cones. Caudaabruptlyrounded. Body elongate 

and narrow. 
Type (fixed by Wilson, 1911), Lachnus agilis Kalt. 

Genus TODOLACHNUS Matsumura. 

1917. Todolachnus Matsumura, Jour. Coll. Agr. Tohoku Univ., v. 7, pt. 6, p. 381. 

The writer has been unable to study the type of this genus, but 
from the description given it seems to represent a genus belonging 
here and having a twice-branched media. The description of the 
cornicles as ‘‘wart-like, not broader at base’’ would indicate its 

affinities here, also the words ‘‘body long, nearly parallel on the lat- 
eral sides.”’ 

Type (fixed by Matsumura, 1917), Todolachnus abietis Mats. 

Subtribe LACHNINA. 

The members of the subtribe Lachnina may be separated from 
those of other subtribes with the exception of the Eulachnina by 
the character of the venation. The radial sector here has almost 
reached the tip of the wing and become a short straight vein. The 
genera may be separated as follows: 

KerY TO THE GENERA OF THE LACHNINA. 

1) Media of fore wings twice branched.....-...--.2+.2-2.-2+-22+-5-+: Dilachnus. 
Wiccan OtesG wil COmDTaT Cheep op ae Rat ree BN as eS iy ek pari ol sea eet UE ys Qs 

Pe VE CT mr COULD TAT CHOC aarti ue ss ae ei eet SE np fan's ai ela ves tas Secret 3. 

MCEREA EBITD Lem err fon ase ee ou oe ot eke ee | wag hs Unilachnus. 
eme-UEy KERMIT CON Ke eee ae be, 5a) ae ee ae I eS Lachnus. 

JEG) canoe Tay (a OA Ialeyseet Se ed gern ce a ee See, Sat ea Se ee Schizolachnus. 

Genus LACHNUS Burmeister. 

1835. . Lachnus Burmeister, Handbuch der Ent., v. 2, pt. 1, p. 91. 

1909. Lachniella Del Guercio, Redia, v. 5, p. 286. 

The genus Lachnus Burmeister was erected with the following 
included species: lapidarius Fab., fagi Linn., quercus Linn., fasciatus 
Burm., and punctatus Burm. 

Of these species the following were removed as types of other 
genera: fagi, 1857, Phyllaphis, and quercus, 1870, Stomaphis. 

1 Wilson, H. F. Notes on the synonymy of the generaincluded in the tribe Lachnini. In Ann. Ent. Soc. 

Amer. v. 4, p. 51-54, 1911. 
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The following type fixations have been made for Lachnus: 
1840. Aphis roboris Linnaeus, Westwood. 

1863. Lachnus pinicola Kaltenbach, Passerini. 

1908. Aphis nudus De Geer, Mordwilko. 

1910. Lachnus punctatus Burtheister, Wilson. 

1911. Lachnus fasciatus Burmeister, Wiison. 

Now the first three fixations are invalid, since the species were 
not included in the-original genus. The first valid fixation, there- 
fore, is that of Wilson, 1910, when he set punctatus as type. This 
fixation, according to present rules, can not be changed in 1911 
because it is an unfortunate fixation, but punctatus must remain 
the type of the genus Lachnus. The question is now purely zoo- 
logical. At present punctatus is unknown and, therefore, the genus 
Lachnus must remain unknown until punctatus is discovered. This 
is the situation, if the rules are followed, and the well-known genus 
name will be lost to us. At the suggestion of numerous aphid workers 
we are holding fasciatus as the type of Lachnus and the Commission 
will be asked to suspend the rules in this case on account of the long 
usage of the name Lachnus. 

In 1909 Del Guercio erected the genus Lachniella without setting 
a type but in 1911 Wilson interpreted this genus as Lachnus with 
fasciatus Burm. as type. Following this the writer definitely desig- 
nated this speciesas type. Therefore, Lachniella will become asyno- 
nym of Lachnus. 

Characters.—Eyes large, with distinct ocular tubercles present. Antenne of six 

segments and with rather prominent hairs. Cornicles on somewhat shallow hairy 
cones. Fore wings with the radial sector short and straight; stigma elongate; media once 
branched. Labium lance-like. 

Type (by suspension of rules), fasciatus Burm. 

Genus DILACHNUS Baker. 

Plate II, A-C. 

1919. Wilsonia Baker, Can. Ent., v. 51,.p. 212. 

1919. Dilachnus Baker, Can. Ent., v. 51, p. 253. 

Characters.—Eyes with distinct ocular tubercles. Antenne of six segments and 
armed with slender hairs and circular sensoria. Cornicles on rather broad hairy cones. 

Fore wings with radial sector straight, media twice branched; hind wings with both 

media and cubitus present. 
Type (fixed by Baker, 1919), Lachniella gracilis Wlsn. 

Genus SCHIZOLACHNUS Mordwilko. 

Plate II, D. 

1908. Schizolachnus Mordwilko, Ann. Mus. Zool.l’Acad. Imp. des Sci., St. Petersbourg, v. 13, p. 375. 

The genus Schizolachnus was erected by Mordwilko with tomen- 
‘tosus De Geer (pineti Fab.) as type. 

Characters.—Eyes large and with ocular tubercles present. Antenne of six seg- 
ments and with rather prominent hairs. Cornicles on somewhat shallow hairy cones. 
Fore wings with the radial sector straight; stigma elongate; media once branched. 

Labium obtuse. 

Type (fixed by Mordwilko, 1908), Aphis tomentosus De Geer. 
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Genus UNILACHNUS Wilson. 

Plate II, E-G. 

1919. Unilachnus Wilson,-Ent. News, vy. 30, p. 5. 

The genus Unilachnus Wilson appears to be a connecting link 
between this subtribe and the Eulachnina. In some respects the 
genus is very suggestive of that subtribe. The form is elongate and 
the cornicles are reduced. They are armed, however, with hairs and 
are not so reduced as in the Eulachnina. The ocular tubercles here 
are very rudimentary, almost absent, and in this regard, too, the genus 
suggests the Eulachnina, but it seems to belong in this subtribe. 

Characters.—Form elongate; cornicles somewhat reduced; ocular tubercles small; 

media of fore wings simple. Antenne of six segments moderately armed. 

Type, Lachnus parvus Wilson. 

Subtribe PTEROCHLORINA. 

The genera belonging in the subtribe Pterochlorina are in some ways 
‘more primitive than those of the Lachnina, but in other respects some 
of them are more specialized. The radial sector of the fore wings is still 
curved and in some genera quite elongate. This is much nearer the 
early type of wing than is the wing of the Lachnina where the radial 
sector is short and has migrated almost to the tip of the wing. Of 
course, the distinct curving of this vein found in some of the genera 
is an advance on the slightly curved elongate vein usually met with 
in the fossils, but to our mind the location and character of this vein 
are much more primitive thanin the Lachnina. The stigmal area and 
the sexual forms appear considerably more primitive than in the 
Anoecina, the specialization of which has been in a different direction 
from that of the Lachnina. The male of Stomaphis is, however, an 
exception. 

Characters.—Head often divided; antenne of six segments, armed with hairs and 
subcircular sensoria. Fore wings with radial sector somewhat curved and not close 

to the tip of the wing. Cornicles on broad hairy cones. Males usually winged. 

Key To THE GENERA OF THE PTEROCHLORINA. 

1. Stigma extending along costal margin almost to the tip of the wing..Longistigma. 

SUSIE), TOE (S10) SpA A Hi aes Ae are he ere Deze rel ee eR nF Ore an en 2. 
2. Beak extremely long, very much longer than body; antennz covered 

Mile neeCby,iNG, SAOnhalres: 4. sete n etree ees nee sn 2 Stomaphis. 
Beak normal in length; antennz with rather stout hairs, often quite 
I yt RRP Se Os, at hee tn rece be tpn reas apie Reale iia Be Rte A Pterochlorus. 

Genus LONGISTIGMA Wilson. 

’ Plate Il, H-L. 

1909. Longistigma Wilson, Can. Ent., v. 41, p. 385, 

1909. Davisia Del Guercio, Redia, v. 45, p. 185. 

The genus Longistigma Wilson can be distinguished at once by the 
shape of the stigma which is drawn out at the tip to an acute point 
which extends almost to the tip of the wing. The type species is 

141613°—20—Bull. 826 2 
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very large, one of the largest aphids. Del Guercio set no type 
for his subgenus which was published shortly after Wilson’s. 
Wilson placed this species as a synonym of caryae Harris which he 
made the type of Longistigma. 

Characlers.—Size large. Head somewhat divided. Eyes large, with distinct 

ocular tubercles. Antenne of six segments, armed with subcircular sensoria and 

prominent hairs. Fore wings with media twice branched, radial sector not a great way 
from the tip of wing and stigma extending around almost to tip; hind wings with both 
media and cubituspresent. Cornicles on broad, shallow, hairy cones. Cauda and anal 

plate somewhat rounded. 

Oviparous female apterous. Males winged.’ 

Type (monotypical), Aphis caryae Harris. 

Genus PTEROCHLORUS Rondani. 

Plate II, S-X. 

1848. Pterochlorus Rondani, ‘‘Familia Hemipterorum Aphidine’”? in Nuovi Annali delle Scienze 
Naturali, p.35. 

1855. Dryobius Koch, Die Pflanzenljuse Aphiden, p. 225, 

1908. Tuberolachnus Mordwilko, Ann. Mus, Zool, de Acad. Imp. des Sci. St. Petersbourg, v. 13, 
p. 374. 

1909. Dryaphis Del Guercio, Redia, v. 5, p. 262. 

1913. Schizodryobius Van der Goot, Tidj. voor Ent., v. 56, p. 130. 

1917. Pterochlorides Archangelsky, Turkestan Ent. Stn. Rept. Tashkent. 

1918. Tuberodryobius Das, Mem. Ind. Mus., v. 6, p. 259. 

The generic name Cinaria was used for Aphis pint L?, and Aphis 
roboris L. with A. pint as type. In the writer’s opinion Cinaria can 
not be used now with roboris as type. Roboris was used as the type 
of Dryobius, therefore this name is clear. Dryaphis was used with 
Pterochlorus as a synonym but the name as a generic name was really 
first used by Del Guercio in 1909. Tuberolachnus was erected in 
1908 with wminalis Boyer as type but the difference in the abdominal 
tubercle is not, in the writer’s opinion, sufficient for a distinction. 
Van der Goot’s genus is plainly a synonym. The other two generic 
names listed were used with Lachnus persicae Chol. as type. This 
species has several abdominal dorsal tubercles but for the same reason 
as Tuberolachnus is held to be a synonym. 

Characters.—Head somewhat rounded. Antenne of six segments, armed with 
subcircular sensoria and prominent hairs. Fore wings with radial sector distinctly 
curved, inserted some distance from tip; media twice branched. Hind wings with 
both media and cubitas present. Wings often banded or mottled, cornicles on hairy 
cones. Cauda and anal plate rounded. Abdomen sometimes with dorsal tubercles. 

Type (fixed by Rondani, 1848), Aphis roboris Fab. (=roboris L.). 

Genus STOMAPHIS Walker. 

Plate II, M-R.. 

1870. Stomaphis Walker, The Zoologist, v. 28, p. 2000. 

1881. Rhynchocles Altum, Forst Zool., v. 3, p. 356. 

Of the five species originally in the genus Lachnus the species 
quercus Linn. was removed by Walker as the type of his genus Stoma- 
phis. Little confusion has arisen in regard to this species. Altum’s 
genus was erected for Rhynchocles longirostris. 
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Characters.—Head slightly rounded; eyes large with distinct ocular tubercles. 

Antenne of six segments armed with large subcircular sensoria and thickly covered 

with fine hairs. Cornicles situated on very broad, shallow, hairy cones. Cauda sub- 

conical, slightly rounded. Anal plate rounded. Fore wings with radial sector rather 
Yong and somewhat curved. Media twice branched; hind wings with both media and 

cubitus present, quite widely separated. Beak very long, much longer than body. 
Males wingless and with rudimentary mouth parts. 

Type (fixed by Walker, 1870), Aphis quercus Linn. 

Subtribe TRAMINA. 

The subtribe Tramina is composed of msects quite specialized in 
nature, subterranean and often associated with ants. The typical 
genus Trama is the most specialized of all and is in some. char- 
acters suggestive of the Fordina. Its relations with the other 
Lachnini, however, are shown clearly by the other genera. The 
genus Trama, as described by Del Guercio (Redia, v. 5) possesses 
small cornicles. Specimens of troglodytes, however, received from 
Schouteden, Mordwilko, and others lack cornicles entirely. Some 
other forms possess them either as very small cones or as large 
Lachnus-like structures. These latter are evidently the most primi- 
tive and to these is given the name Protrama. The insects with 
small cornicles are grouped under the name Neotrama. The genera 
may be separated as follows: 

Key To THE GENERA OF THE. TRAMINA. 

br. Apterous form entirely without cornicles and with rudimentary eyes..... Trama, 

Apterous form with cornicles...... ee Oe ee nt a Lea ae bate 2 
2. Apterous form with large, broad, Lachnus-like cornicles od large distinet 

Cs OLA L NER) Segal OR ae Oa VO A NE Protrama. 
Apterous form with small cone-like cornicles armed with a few hairs and 

morezor less: tiudiunentary: eyes. ts tee 2 ae ee Neotrama. 

Genus PROTRAMA, n. gen. 

Plate III, P-T. 

Head divided, front straight, eyes prominent and set off from the head. Antennze 

of six segments‘armed with hairs and small subcircular protruding sensoria. Cornicles 

situated on broad, low, hairy cones. Cauda and anal plate rounded. Hind tarsi 
extremely elongate. Wing venation faint; fore wings with the media twice branched; 
hind wings with both media and cubitus present. 

Type, Trama radicis Kalt. 

Genus TRAMA, Heyden. 

Plate III, N. 

1837. Trama Heyden, Mus. Senkb., v. 2, p. 293. 

Head divided but not prominently so, front straight. Apterous form with the eyes 
reduced toa few facets. Antennz ofsix segments; cornicles absent; caudasubconical, 

rounded. Anal plate rounded. Entire insect minutely hairy. 

Type (menotypical), Trama troglodytes Heyden. 
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Genus NEOTRAMA, n. gen. 

Plate III, M, O. 

Head somewhat flat. Intheapterous form the eyes reduced; antenne of six segments 
and the cornicles on very small cones with a few scattered hairs. Cauda subconical, 

rounded. Anal plate rounded. Entire body covered with fine hairs. Hind tarsi 
greatly elongate. 

Type, Trama troglodytes Del Guercio (= Neotrama delguercioi Baker). 

Tribe THELAXINI. 

It has been the custom of most writers to place the Thelaxini 
(Vacuini) in the Eriosomatinae, often possibly because of the fact that 
only one egg is laid by the oviparous female. But the female is quite 
different in structure from the beakless females of the Eriosomatinae 
and the other forms are very different indeed. 

With the Hormaphidinae there are more resemblances, the most 
striking of which is the structure of the thorax. The mesothorax 
indicates very faintly the lobes so prominent in most forms. The 
presence of distinct cornicles, however, is very different from the 

forms in the Hormaphidinae lacking these although possessing a some- 
what similar thorax. 

The sensory structures, too, are widely different, being similar to 
those found in the Phyllaphidina. Indeed, the antenne are very like 
those of that subtribe. The oviparous forms of the Phyllaphidina, 
however, lay several eggs and may be either winged or apterous and 
the males, though sometimes apterous, are usually winged. The- 
venation of the Thelaxini is more reduced than in the Phyllaphidina. 
Taking all of these facts into consideration it seems evident that the 
Thelaxini should be placed in the Aphidinae and somewhai related to 
the Phyllaphidina, a subtribe which belongs in the Callipterini. It is 
evident, however, that the Thelaxini must stand somewhat apart; 
it is placed, therefore, as a tribe of the subfamily Aphidinae next to 
the Callipterini. In this tribe the specialization of the ovipara has 
advanced beyond that of the Callipterini in that only one egg is laid, 
but according to Buckton several eggs may be laid and the distinct 
beak is evidence of relationship. 

Characters.—Cornicles present as chitinized rings on shallow hairy cones. An- 
tennz somewhat setose, with oval or subcircular sensoria. Cauda somewhat semi- 

circular or distinctly knobbed. Body usually armed with hairs or stout spines. 

Sexual forms small and apterous, possessing beaks; oviparous female as a rule laying 
only one egg. 

Forms living free upon the foliage. 

The genera may be separated by the following key: 

Key To THE GENERA OF THE THELAXINI. 

Vatda adistinetiy mebbed:..<. 0.5: sc. 2s oseeee ees sae ak oe i ee ee Thelaxes. 

Cauda not knobbed but somewhat semicircular.............--.--.----- Glyphina. 
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Genus GLYPHINA Koch, 

Plate III, G-L 

1857. Glyphina Koch, Die Pflanzenlause Aphiden, p. 259. 

1911. Travaresiella Del Guercio, Redia, v. 7, p. 299. 

' Characters.—Cornicles present as somewhat elevated rings. Antennx 5-seg- 
mented, minutely setose, armed with a few stout hairs and somewhat subcircular 

sensoria. Fore wings with the media once branched; hind wings with only the media 

present. Cauda not knobbed, somewhat rounded, anal plate rounded. Body covered 
with hairs. 

Forms living upon the foliage of plants. 

Type (monotypical), Glyphina betulae Kalt. 

Genus THELAXES Westw. 

Plate III, A-F. 

Vacuna of authors, not Heyden. 

1840. Thelares Westw., Int. Mod. Class. Ins. Synopsis, v. 2, p. 118. 

In 1837, Heyden erected his genus Vacuna based on coccinea 
Heyden. He definitely stated that he thought Phylloxera Boyer was 
the same genus. Kaltenbach stated that coccinea is a Phylloxera 
and so considered dryophila as type of Vacuna, as this species was in- 
cluded in the genus by Heyden. On the authority of Schouteden and 
other European workers coccinea is now considered a Phylloxera and 
another type, dryophila, can not be set for the genus in order to apply 
Vacuna to the genus as now understood. Vacuna with coccinea as 
type will become asynonym of Phylloxera and another name will 
be necessary to apply to the genus having dryophila as type. The 
next name used appears to be Thelaxes Westwood. 

Characters.—Cornicles present as chitinized rings on broad low cones. Antenne 

of the stem mother 5-segmented. Alate form with 3-segmented antenne, sensoria oval 

or subcircular. Fore wings with the media once branched, hind wings with the 
cubitus lacking. Cauda distinctly knobbed, anal plate rounded. Sexual forms small 
and apterous, possessing distinct beaks and feeding; oviparous female producing 

normally but one egg. 

Type (fixed by Westwood, 1840), Thelaxes quercicola Westw.(=Aphis dryophila Schr.) 

Tribe CALLIPTERINI. 

The tribe Callipterini is composed of forms which live upon the 
foliage of plants. The species in many of the subtribes have developed 
peculiar habits. Some forms are almost solitary whereas others 
live in colonies. Some have developed the power of leaping, 
while others are sedentary. The sexual forms do not vary greatly 
from the viviparousforms. In nearly all of the subtribes the males are 
winged, though in the Saltusaphidina they are apterous. In the other 
tribes intermediate males may occur in the same species with alate 
males. The oviparous females are nearly always apterous, although in 
the Phyllaphidina alate ovipara may occur. Both sexes feed and the 
ovaries of the oviparous female are developed so that several eggs are 
laid. 



292 BULLETIN 826, U. S, DEPARTMENT OF AGRICULTURE. 

The wing veins are not reduced in most species. In some, however, 
the radial sector of the fore wings is very faint or entirely absent. 
This condition is met with in several genera of the Callipterina. That 
itis this vein which is lacking is indicated by the trachea of the freshly 
emerged wing. Here the media is represented by M,, M,, and M,,,. 
The cubitus and first anal are distinct trachese, whereas the second 

anal is faintly indicated. In the hindwing besides the radial sector 
three oblique traches are present; thesé are the media, cubitus, and 
first anal. Only the media and cubitus are represented in the vena- 
tion. . 

Considerable variation is met with in the cornicles of this tribe 
but they are never long and prominent as in the Aphidini. The usual 
form is the truncate one represented in Myzocallis, Chaitophorus, ete. 
Very often the cornicles are sculptured. In some cases they 
are reduced to small cup-shaped structures and in others they are 
represented by mere rings. 

The antenne, as a rule, are long and slender and armed with few 

sensoria. ‘These sensoria are usually small, subcircular or oval. In 
rare cases they are somewhat elongate. 

The cauda in this tribe is as a rule knobbed and the anal plate 
bilobed. In some cases, however, the cauda and anal plate are both 

rounded. In the Saltusaphidina the anal plate is divided and the 
cauda remains distinctly knobbed. 
Wax secretion is present to a limited extent in this tribe. It is 

most developed in the Phyllaphidina. Here there are large lateral ab- 
dominal wax platesin all of the forms and the insects present a wool- 
like appearance on the foliage. In the genus Euceraphis wax secretion 
is found to a limited extent.. In one species, mucidus Fitch, it is, 
however, abundant and the insects of this species often seem to 
float in the air, a peculiar appearance common also in the Erioso- 
matinae. In the Saltusaphidma also distinct wax plates -occur, 
particularly in the oviparous forms. These are arranged along the 
abdominal segments. 

The habit of leaping is common in the Saltusaphidina as the name 
implies. Here the muscles of the femora are greatly enlarged for this 
purpose. Many of the other members of the tribe approach this con- 
dition, especially in the genus Monellia. Others, although they donot 
distinctly leap, drop so suddenly when disturbed that they almost ap- 
pear to leap from the foliage. Our common Symydobius on the 
birch is difficult to collect on account of such a habit and other forms 
of Callipterina are very similar in action. Certain species in this 
tribe are closely attended by ants in return for the honeydew excreted. 
Some species are protected by these Hymenoptera by means of sheds 
or roofs built over colonies on the leaves or twigs. These sheds are 
found quite commonly upon the leaves of the oaks protecting the spe- 
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cies described as Symydobius albasuphus by Davis and here placed as 
Neosymydobius. 

The internal structure of insects of this tribe appears not to differ 
markedly from the structure in other groups. Witlaczil, however, has 
reported that in certain members of this tribe the intestine forms a 
closed loop almost similar to that found in the Chermidae. 

As arule, in this tribe, the various forms met with in the subfamily 
occur. In the genus Monellia, however, in some species at least, ap- 
terous viviparous forms seldom occur, nearly all the viviparous forms 
being alate. 

The subtribes may be separated by the following key: 

Key TO THE SUBTRIBES OF THE CALLIPTERINI. 

9 
ae 1. Eyes with ocular tubercles present, head not elongate.-....---...-------- 

Eyes without ocular tubercles present, head often elongate... -.-.-- SALTUSAPHIDINA. 

2. Antenne armed with rather long, prominent hairs...........-.-...---.--- 3. 
Antenne usually only with minute, sometimes stout bristles. -.-...--..-.- 5. 

3. Cornicles absent. ...-.-.-- ee et anere qqlers ae-pes ohy= Ba etet Beas well FULLAWAYINA. 

@oriclesipresembs |e ie 4 Sal site bene peewee Seen tlne site ee ee sae ie 4, 
4° Comicles| cylindrical, or -vastiorme <2 -<- session pein nes ose PTEROCOMMINA. 

Comucles truncate: enlarged.at. base... -% .2.- 2-2 <j -0.-.0- 2-12 CHAITOPHORINA. 

Pe@ornicles absent, AVOVEs >.) 3 F226 ee 2 fs atm eee we aiceeie a= cee MONAPHIDINA. 

@ormicles present, position aswsuale sie S00" Sere | ln eee 2 oe 6. 
6. Cornicles reduced to mere rings; large lateral abdominal wax plates 

PROS SLs RA eS Seb bb Ae Noo tec Ree ae re ae ee PHYLLAPHIDINA. 
Cornicles usually not reduced to mere rings; no large abdominal wax plates 

IDICBCMUS = ite @ -tajninia\o ep seen = = 2 ie we = ee cles Siete alee clement eae dc 

7. Cornicles variable, often long and somewhat swollen; oviparous female 
With aad elongate: OvIpositor ss 4-24 2./soetealt enh Deed. DREPANAPHIDINA. 

Cornicles never long; always short and truncate; oviparous feme le not always 
imlthearrelonaaterovapositore: 22 koewwas. = fee eh EA CALLIPTERINA. 

Subtribe PHYLLAPHIDINA. 

The subtribe Phyllaphidina is erected for the species related to the 
genus Phyllaphis. Many of the characters show these species as 
quite closely related to the Callipterina, while in other ways they very 
strongly suggest the Thelaxini, as indicated under the discussion of 
the tribe. 

Characters. —Cornicles present; antennze of six segments, minutely setose, sensoria 
elongate or subcircular; cauda knobbed or rounded, anal plate often bilobed, wax 
glands present. Forms living free or in pseudogalls. Sexual forms often alate, some- 
times, however, apterous or intermediate, showing that the apterous condition has 
developed but recently; oviparous female arounete several eggs. 

Key To THE GENERA OF THE PHYLLAPHIDINI. 

rE. Anal plate deeply cleft and U-shaped: .. 2022-4. 2020. ee cea cee eee eee Shivaphis. 

Anal plate entire or somewhat bilobed, not deeply cleft. .........---.------- 2. 
Zeoaidariinded qanelyplatecen tires see 2 oo epee ise sso on ecinie one coe 3. 

Cauda lobbed. anal plate somewhat bilobed.......-..-.-.-.--+.-- Phy laphis. 
3. Oviparous females with annular sensoria...............--------- Neophyllaphis. 

Oviparous females with small transverse sensoria.............---s-+---- Tamalia. 
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Genus NEOPHYLLAPHIS Takahashi. 

1920. Neophyllaphis Takahashi, Can. Ent., v. 52, p. 20. 

Characters.—Cornicles slightly elevated. Antenne of six segments, with narrow, 

transverse sensoria. Fore wings with media twice branched, hind wings with both 
media and cubitus present. Cauda and anal plate rounded, cauda sometimes slightly 

constricted. Oviparous females winged and possessing annular sensoria. Forms wax 
secreting and living free on the plants. 

Type (monotypical), Neophyllaphis podocarpi Takahashi. 

Genus PHYLLAPHIS Koch. 

Plate IV, FF, GG. 

1857. Phyllaphis Koch, Die Pflanzenliuse Aphiden, p. 248. 

The well-known genus Phyllaphis Koch is represented by fagi L., 
but as indicated under Tamalia has been made to include species of 
somewhat different structure. 

Characters. —Cornicles present.as chitinized rings which are very slightly elevated on 
low conical bases. Antennee of six segments, long and slender, minutely setose, sen- 

soria narrowly oval. Fore wings with the media twice branched; hind wings with both 
media and cubitus faintly indicated. Cauda knobbed, anal plate shghtly divided. 

Forms living upon the foliage, sometimes producing a curling of the leaves. Males 
usually winged; oviparous form apterous, producing several eggs, 

Type (monotypical), Aphis fagi L. 

Genus TAMALIA n. gen. 

Plate IV, HH, Il. 

The genus Tamalia Baker is erected for Pemphigus coweni Ckll., 
a species which has since been placed in Phyllaphis. It is, however, 
quite distinct from the type of the genus and undoubtedly represents 
a new genus. Mr. Theodore Pergande received this species, cowent, 
from California and made some notes on the material, thinking, how- 
ever, that it was a new species. He gave it a provisional name and 
the new generic name here used. This name, as far as our knowledge 
goes, hever was published. Among the large number of new genera 
conceived by Pergande this is one of the few valid ones and his man- 
uscript name, therefore, is used here. 

Characters.—Cornicles present as mere flanges on low, broad, conical bases. Antennse 

of six segments minutely setose and with narrow sensoria. Fore wings with media 
once branched, hind wings with both media and cubitus present. Cauda and anal 

plate both rounded. Abdominal wax plates present. 

Forms living in pseudogalls. Sexes sometimes both winged, oviparous form pro- 
ducing several eggs. 

Type, Pemphigus coweni Ckll. 

Genus SHIVAPHIS Das. 

1918. Shivaphis Das, Mem. Ind. Mus., vol. 6, p. 245. 

The genus Shivaphis was erected with celta Das as type, and celtd is 
evidently the species redeseribed as Chromaphis celticolens by Essig. 

1Essic, E. O., and Kuwana, 8. I. Some Japanese Aphidide. Jn Proc. Cal. Acad. Sci., v. 8, no. 3, 

p. 95, 1918. 
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The writer has studied a series of specimens of this species taken in 
1907 on Celtis sinensis. There seems little doubt that the genus is 
related to Phyllaphis. The dorsal wax glands are of much the same 
structure as those found in fagi L. The deeply cleft anal plate, 
however, at once separates the two. The cauda which is almost 
cylindrical in some specimens is quite distinctly knobbed in others. 

Characters.—Cornicles present as mere rings. Head without prominent antennal 

tubercles. Antenne of six segments, sensoria elliptical. Fore wings with the media 
twice branched, hind wings with both mediaand cubitus present. Cauda cylindrical 
or knobbed. Anal plate deeply divided. Males winged. Oviparous females apter- 
ous. Rows of wax glands present. 

Type (monotypical), Shivaphis celti Das. 

Subtribe CALLIPTERINA. 

The subtribe Callipterma is a somewhat large and interesting 
one. Some of the species are very large and more or less solitary, 
others are small and live in colonies. In some genera apterous 
viviparous forms, with the exception of the stem mother, seldom 
occur, while in other genera they are as a rule, present. The males 
are in most cases alate and the oviparous forms apterous. The species 
of nearly ail the genera live upon the leaves of plants. They do not 
affect these greatly, as a rule, although when abundant the insects 
often seriously interfere with the proper development of the trees 
attacked. Many of the insects are armed upon their bodies with 
prominent spines or tubercles. 

Characters.—Cornicles present, truncate in form. Antenne with sete or spines, 
of six segments, and armed with subcircular or in a few cases somewhat elongate sen- 

soria. Wings often clouded, mottled, or banded. Cauda as a rule knobbed, anal 
plate usually more or less indented or bilobed. Body often armed with capitate 
spines or tubercles, 

KEY TO THE GENERA OF THE CALLIPTERINA. 

1. Cauda distinctly knobbed, anal plate usually bilobed or sometimes deeply 

QSITAUGIGG Ls eo bce pw ee teeP  l  ng E n Coel ag 3 
Cauda not distinctly knobbed, anal plate entire or almost so ............-- De 

2. Antenne minutely setose, sensorium at base of unguis oval or somewhat 

rounded; oviparous female with secondary sensoria ....-..--._..- Symydobius. 

Antennz not minutely setose, sensorium at base of unguis long and narrow, 

oviparous female without secondary sensoria........-.......-- . .-Euceraphis. 
3. Anal plate deeply divided with a U-shaped cleft so that the lobes appear 

asdistinet~cauda knobbed ss 1x4 sacs we ee Mie tiig cui See Therioaphis. 
Anal plate bilobed, not deeply divided; cauda very markedly knobbed... 4. 

4. Antenne and often the cornicles with prominent hairs............. Callipterus. 
Corniclesiand antennee without such hairs) 4/00. .0. 22222... cks 2-2 5. 

5. Cornicles much reduced; wings sometimes horizontal in repose ......-- Monellia. 
Cornicles truncate, fairly well developed; wings not horizontal in repose... 6. 
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6. More or less distinct antennal tubercles present; oviparous female with 

BECOMA ALY SEMSON A ictrak we oe ee ey eee ee eee a oe Calaphis. 

No distinct antennal tubercies present; oviparous female without secondary 

BOMSOLoes xc 26 a ke a era ee eee yee ee aes neste Ue 

7. Anal plate slightly indented, sometimes almost entire; no apterous vivi- 

parcus forms'developed..o2. a..22.5i6<02 15 2h. gene eee eee Chromaphis. 
Anal.plate distinctly bilobed; apterous viviparous forms common....Myzocallis. 

. Genus CALAPHIS Waish. 

Plate IV, S, U. 

1863. Calaphis Walsh, Proc. Ent. Soc. Phila., v.1, p. 301. 
1913. Siphonocallis Del Guercio, Redia, v. 9, p. 293. 

1913. Callipterinella Van der Goot, Tijdschr. voor Ent., v. 56, p. 118, 

Walsh erected his genus Calaphis for his betulella, a species which 
lacks the radial sector in the wing, and on this character he based 
his genus. Del Guercio based his Siphonocallis on betulaecolens 
Fitch, distinguishing it from his conception of the genus Callipterus, 
which conception, however, was not according to type. A study of 
betulaecolens shows that in all respects, with the exception of the radial 
sector, this species is similar to betulella. Many specimens of betulae- 
colens lack the’radial sector and in most cases it is only faintly indi- 
cated at best. These two species, therefore, are probably congeneric. 

The genus Callipterinella was based on betularius Kalt., and this 
species proves to be very similar to betulaecolens. It is true that the 
frontal tubercles are not prominent in this species as they are in the 
type of Calaphis. There seems no doubt, however, that all of these 
three species are closely related. This relation is shown in part by 
the sexual forms. The oviparous females all possess sensoria on the 
antennz and are very similar in other body characters. This pres- 
ence of sensoria in the oviparous form, while not important in some 
groups, separates quite distinctly this small group of species from those 
of the Myzocallis type. It seems evident that the relations of betu- 
larius are with betulaecolens and betulella. Callipterinella, therefore, 

is also a synonym. 

Characters.—Cornicles present, distinct, truncate. Antennz of six segments, 

armed with oval sensoria and placed on more or less distinct tubercles. Fore wings 
with the media twice branched, the radial sector either absent or faintly indicated, 

sometimes, however, complete; hind wings with both media and cubitus present. 
Cauda distinctly knobbed, anal-plate bilobed, body with prominent hairs. 

Forms living more or less solitary upon the foliage, sexes not markedly different from 
the other forms; oviparous female producing several eggs and possessing sensoria upon 

the antenne. 
Type (monotypical), Calaphis betulella Walsh. 



GENERIC CLASSIFICATION OF APHIDIDAR, 27 

Genus CALLIPTERUS Koch. 

Plate IV, I, J. 

1855. Callipterus Koch, Die Pflanzenlatise Aphiden, p. 208. 

1870. Callaphis Walker, The Zoologist, v. 5, p. 2000. 

1881. ,Ptychodes Buckton, Mon. British Aphids, v. 3, p. 39. 

1904. Panaphis Kirkaldy, The Entomologist, v.37, p. 279. 

1917. Nippocallis Matsumura, Jour. Coll. Agr. Tohoku Univ., v. 7, pt. 6, p. 365. 

In erecting the genus Callipterus, Koch included a number of species 
among which was juglandis Kalt. In 1860, Passerini set juglandis 
as the type of Callipterus and erected his Myzocallis for species similar 
to corylt Goetz. 

Most writers overlooked Passerini’s work and considered the genus 
Callipterus in the light of Myzocallis. This is the conception com- 
monly held by many to-day. The application of Callipterus, how- 
ever, must be restricted to species essentially like juglandis. All the 
other generic names listed as synonyms were, with one exception, 
used with this same species juglandis as type and therefore require 
little comment. 

The genus Nippocallis was erected with kuricola Mats. as type. - 
Specimens of this species studied by the writer are not in good con- 
dition for the observation of the anal plate.’ All the characters 
visible, however, indicate that this species is a Callipterus. 

Characters.—Cornicles present, truncate in form, rather prominent and often armed 
with long hairs. Antenne of six segments, armed with stout hairs, sensoria usually 

oval. Fore wings with the media twice branched, hind wings with both cubitus and 
media present. Veins usually bordered. Radial sector often faintly indicated. 

Cauda not distinctly knobbed in all cases. Anal plate bilobed; body usually covered 
with prominent hairs. 
Forms living free upon the foliage. Sexual forms not differing markedly from the 

other forms, oviparous female producing several eggs. 

Type (fixed by Passerini, 1860), Aphis juglandis Frisch. 

Genus CHROMAPHIS Walker. 

Plates nV OF IP. 

1870. Chromaphis Walker, The Zoologist, v. 5, p. 2001. 

The genus Chromaphis was erected with juglandicola Kalt. as type. 
it is related quite closely to Monellia. 

Characters.—Cornicles moderate in size, somewhat flanged. Antenne of seven seg- 

ments armed with oval sensoria. Fore wings with the media twice branched, hind 

wings with media and cubitus present, wings not held horizontally inrepose. Cauda 
knobbed, anal plate slightly indented. Sexual forms somewhat similar to the vivip- 
arous ones. Males usually winged. Oviparous female with the ovaries developed 
normally, laying numerous egegs.' 

Forms living free upon the foliage usually all summer; viviparous generations 
winged. 

Type (monotypical), Aphis juglandicola Kalt. 

1 Davidson believes as many as 30 may be produced by one female. 

ae 



28 BULLETIN. 826, U.°S. DEPARTMENT OF AGRICULTURE. 

Genus THERIOCAPHIS Walkez. 

Plate TVs Ke 

1870. Therioaphis Walker, The Zoologist, p. 1999. 

1905. Kallistaphis Kirkaldy, Can. Ent., v. 37, p. 417. 

1906. Eucaliptcrus Schouteden, Ann. Ent. Soc. Belg., v. 50, p. 31.1 

1915. Neocallipterus Van der Goot, Beitrige zur iKennt. der Holl. Blattlaiuse, p. 320. 

The genus Therioaphis Walker was erected with ononidis Kalt. as 
type, and ononidis has been shown by Theobald to be the common 
“vellow clover aphis,” trifolit of Monell. This species has a deeply 
cleft anal plate quite different from that of Myzocallis. Eucallipterus 
was erected with tiliae L. as type, a species with quite similar struc- 
ture. Eucallipterus, therefore, will become a synonym. Betulicola 
Kalt. has been used as type by Kirkaldy and Van der Goot. Accord- 
ing to Das, Van der Goot considers this congeneric with trifolti. 
Therefore Therioaphis is the name that must be used. 

Characters.—Cornicles truncate, rather constricted mesad of apex. Antenne cf six 
segments without prominent hairs and armed with subcircular sensoria. Fore wings 
with media twice branched; hind wings with both media and cubitus present. Wings 
often variously marked. Prothorax rather elongate; cauda knobbed. Anal plate 
deeply bifid so that two long, narrow lobes are formed. Body often with prominent 
hairs. 

Type (monotypical), Aphis ononidis Kalt. 

Genus EUCERAPHIS Walker. 

Plate IV, Q, R. 

1870. Euceraphis Walker, The Zoolozist, p. 2901. ° 

1908. Calliptcroides Mordwilko, Ann. Mus, Zool. ) Acad. Imp. des Sci. St. Petersbourg, v. 13, p.377. 

1913. Callipteroides Van der Goo’; Tijd. voor. Ent., v. 56, p. 151. z 

When Walker erected his genus Euceraphis with betulae L. as type 
he had in mind evidently the same species as that described by Koch 
under the same specific name, and thus separated species of this 
type. Mordwilko in 1900 erected the genus Callipteroides with 
nigritarsus Heyden as type. Specimens of this species received from 
Mordwilko show that the species he had was the betulae of Koch or 
at least a species very close to it. This would then make Callipte- 
roides a synonym of Euceraphis. In 1913 Van der Goot used the 
name Callipteroides with beiulae Koch as type and his placing, there- 
fore, should be under Euceraphis. 

Characters. —Cornicles present, truncate. Antenne of six segments, long and slender, 

armed with rather narrow sensoria usually near the base of segment III, the unguis 
of segment VI usually not much longer than the base, sensorium at the base of unguis 
long, oval, and fringed; more or less distinct frontal tubercles present. Fore wings with 
the media twice branched, hind wings with both media and cubitus present. Cauda 
usually knobbed and rather large. Anal plate usually entire. Abdomen of the alate 
form often with distinct wax-producing glands. Forms very large and usually solitary 
in habit, sexes similar to the other forms; oviparous female producing several eggs. 

Type (fixed by Walker, 1870), Aphis betulae (L.) Walker (=Callipterus betulae Koch). 

1 There is considerable evidence for keeping this genus distinct. 
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Genus MONELLIA Oestlund. 

Plate TV, M, N. 
1887. Monellia Oestlund, Geol. and Nat. Hist. Survey Minn., Bul. no. 4, p. 44. 

The genus Monellia Oestlund was erected for caryellus Fitch and 
only cne species was included in the genus at the time. Several other 
species, however, were made synonyms of caryellus which are quite 
different from that species and fall into other genera. 

Characters. —Cornicles present as mere rings; antenne slender, of six segments; sen- 

soria oval or subcircular; head broad for its length; prothorax prominently separated 
from the mesothorax. Fore wings with the media twice branched; hind wings with 

both media and cubitus present. Wings often held flat upon the back, cauda knobbed, 

anal plate bilobed. Forms living solitary upon the leaves, sometimes having the 
power of leaping. Apterous forms rare. Sexes feeding; oviparous female laying 
several eggs. 

Type (monotypical), Aphis caryella Fitch. 

Genus MYZOCALLIS Pass. 

Plate IV, G, H. 
1860. Myzocallis Passerini, Gli Afidi, p. 28. 
1860. Pterocallis Passerini, Gli Afidi, p. 28. 

1894. Subcallipterus Mordwilko, Varshava Univ. Izviestiia, v. 8, no. 58, p. 53. 
1894. Tuberculatus Mordwilko, Varshava Univ, Izviestiia, v. 8, no. 58, p. 60. 

1913. Callipterus Van der Goot, Tijd. voor Ent., v. 56, p. 116. 
1915. Tuberculoides Van der Goot, Beitrige zur Kennt. der Holl. Blattliuse, p. 313. 

1917. Acanthocallis Matsumura, Jour. Coll. Agr. Tohoku Univ., v. 7, pt. 6, p. 368. 

1917. Takecallis Matsumura, Jour. Coll. Agr. Tohoku Univ., v. 7, pt. 6, p. 373. 

When Passerini erected the genus Myzocallis in 1860 he placed 
coryla Goetz as type. Later in the same work he erected his genus 
Pterocallis with alni Pass. as type. This species proves to be very 
similar indeed to coryli, so similar in most of the characters that the 
writer believes the genus Pterocallis to be a synonym of Myzocallis. 
The type of the genus, coryli Goetz, was also placed as the type of 
Callipterus by Van der Goot, in 1913, in spite of the fact that another 
type for that genus had been set in 1860. Callipterus Van der Goot 
(1913) is therefore a synonym of Myzocallis. The species alni Pass. 
is universally considered the same species as alni Fab., and this 
species was made the type of the genus Subcallipterus by Mordwilko 
in 1894. Subcallipterus Mordwilko, 1894, is therefore a synonym of 
Myzocallis for the same reason as is Pterocallis Pass., 1860. The 
species querceus Kalt. was made the type of the Tuberculatus by 
Mordwilko in 1894, but this species seems too closely related to coryli. 
Tuberculatus, therefore, becomes a synonym. ‘The species quercus 
Kalt. was made the type of Tuberculoides by Van der Goot, 1915, 
and this is quite typically a Myzocallis. A number of genera have 
been erected by Matsumura which are so very little different from the 
type species that they are listed here as synonyms. This author 
follows the idea of proportions of the antennal segments as generic 
characters. 
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Characters.—Cornicles truncate without a very distinct neck; antenne of six 

segments armed with a few minute bristles and oval or subcircular sensoria. Fore 
wings with the media twice branched; hind wings with both media and cubitus present. 
Cauda knobbed; anal plate bilobed, not divided; body usually with stout hairs. 

Type (fixed by Passerini, 1860), Aphis coryli Goetz. 

Genus SYMYDOBIUS Mordwilko. 

Plate IV, DD, EE. 

1894. Symydobius Mordwilko, Varshava Universitetskiia Izviestiia, v. 8, no. 58, p. 65. 

1917. Yezocallis Matsumura, Jour. Coll. Agr. Tohoku Univ., v. 7, pt. 6, p. 369. 

Symdobius of later authors. : 

The genus Symydobius Mord., which was erected for oblongus 
Heyden, has often been spelled Symdobius by subsequent writers. 
This is probably due to the erection of the genus in a Russian publi- 
cation which is available to few workers, at least in this country. 
Specimens of this species studied were collected by Mordwilko at 
Petrograd and Warsaw and by Schouteden at Brussels. The species 
which passes under the name of odlongus in America is quite distinct, 
as has been pointed out by the writer. 

Characters. —Cornicles present, truncate or with an evident neck and ‘on a broad 
low base. Antenne of six segments armed with numerous delicate hairs, sensoria 
somewhat oval or subcircular; sensorium at the base of the unguis not long and nar- 
row, with a fringe but without a prominent one, cauda semicircular, anal plate similar 

in shape, sometimes slightly indented. Fore wings with the media twice forked; 
hind wines with both media and cubitus present, somewhat separated at the base. 

Type (monotypical), Aphis oblonga Heyden. 

Subtribe SALTUSAPHIDINA. 

The subtribe Saltusaphidina is separated from the other related 
ones principally on the nature of the head. The most important 
character, possibly, is the structure of the eyes, in which the ocular 
tubercles appear to be wholly lacking. 

Characters—Forms living usually in damp places upon the foliage of sedges and 
grasses, narrow elongate bodies, eyes with ocular tubercles lacking, legs often modi- 
fied for leaping. Oviparous forms apterous, somewhat. similar to the viviparous 
ferms, producing several eggs. : 

Key To THE GENERA OF THE SALTUSAPHIDINA. 

Head considerably elongate, cornicles cup shaped, legs modified for leap- 
HI este 10s cai iis o emilee om ee a ee a A ae eee Cee ee eee ee Saltusaphis, 

Head not much elongated, cornicles mere rings, legs not modified for leap- 
PIE a7 ons pdt gee SE oes were pa a eee ee Thripsaphis. 

Genus THRIPSAPHIS Gillette. 

Plate IV, X. 

1917. Thripsaphis Gillette, Can. Ent., v. 49, p. 193. 

The genus Thripsaphis was separated from Saltusaphis for balli 
Gillette, which the present writer had included m that genus, and 
certain other similar species. 
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Characters.—Cornicles present as slightly elevated rings; antenne of six segments 

armed with subcircular sensoria. Eyes without ocular tubercles. Fore wings with 

the media twice branched, hind wings with the cubitus sometimes absent, cauda 

knobbed, anal plate divided, body with spinelike hairs. 

Forms living free upon grasses and sedges in moist localities. Sexes apterous, 

oviparous female producing several eggs. 

Type (fixed by Gillette, 1917), Brachycolus balli Gill. 

Genus SALTUSAPHIS Theobald. 

Plate IV, V, W. 

1915. Saltusaphis Theobald, Bull. Ent. Research, v. 6, pt. 2, p. 138. 

Characters.—Cornicles present, cup-shaped or truncate; antennee of five segments, 

minutely setose; sensoria small and subcircular. Head elongate, ocular tubercles 

absent. Fore wings with the media twice branched; hind wings with the cubitus 

usually absent; cauda knobbed; anal plate divided, caudal extremity of the abdomen 

sometimes bilobed; body covered with spines which are often modified into 

different shapes. 

Forms living more or less solitary upon the leaves of grasses or sedges in marshy 

regions. Sexual forms aptercus, oviparous female laying several eggs. 

Type (monotypical), Saltusaphis scirpus Theo. 

Subtribe DREPANOSIPHINA. 

The subtribe Drepanosiphina is evidently related to the callip- 
terine branch of the tribe rather than the chaitophorine one. It 
has specialized in the opposite direction from the Monaphidina in 
that the cornicles are more or less prominently developed. It would 
appear to bear the same relation to this branch of the tribe as does the 
Pterocommina to the chaitophorme one. There is considerable 
variation in the development of the cornicles, even within certain 
of the genera. Some have very large cornicles, others have small 
ones. They all appear, however, to have the same generai structure. 

Characters.—Cornicles present, varying greatly in development from very small to 
very large. Cauda somewhat knobbed, anal plate slightly indented. Oviparous 
female with a long drawn out ovipositor. 

KEY TO THE GENERA OF THE DREPANOSIPHINA. 

1. Cornicles extremely long and somewhat swollen in the middle..... Drepanosiphum. 
Cornicles not extremely long and larger atthe base..........2.+.-+-02.-...-- 2 

Ze COBMCESmVeLvgsInall thumCate.1_ cei -: =.= -2-+ n-- ete teeenee soc Neosymydobius. 
Cornicles large with a swollen region at the base...........-..---.-- Drepanaphis. 

Genus DREPANAPHIS Del Guercio. 

Plate IV, JJ-LL. 
1909. Drepanaphis Del Guercio, Rivista di Patologia Vegetale, n.s., v. 4, mo. 4, p. 49-50. 

1909. Phymatosiphum Davis, Annals Ent. Soc. America, v. 2, p. 196. 

The two generic names given were both used with the same type 
species, and therefore no discussion in regard to the use of the names 
is necessary. 

Characters.—Cornicles large but not of the same shape as those of Drepanosiphum, 
being rather narrow toward the distal extremity and swollen at the base. Antenne 
of six segments armed with subcircular or oval sensoria and a few scattered hairs. 

Fore wings with the media twice branched, hind wings with both media and cubitus 

present. Cauda knobbed, anal plate somewhat indented. Forms living more or less 
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solitary upon the foliage of trees. Males winged. Oviparous female with a distinct 
elongated ovipositor and producing several eggs. 

Type (monotypical), Drepanosiphum acerifalii Thos. 

Genus DREPANOSIPHUM Koch. 

Plate IV, MM. 

1855. Drepanosiphum Koch, Die Pflanzenlaiise Aphiden, p. 201. 

1885. Type fixation, Lichtenstein, Monographie des Aphidiens, p. 175. 

Cornicles very long, quite distinctly swollen-in the middle or subcylindric. An- 

tennee of six segments with short, scattered hairs and oval or subcircular sensoria. 

Fore wings with the media twice branched. Hind wings with both media and cubitus 
present. Cauda knobbed, anal plate slightly indented. 

Forms living upon the foliege of plants, males usually winged. Oviparous female 
with a distinct elongated ovipositor. 

Type (fixed by Lichtenstein, 1885), Aphis platanoides Schr. 

Genus NEOSYMYDOBIUS, n. gen. 

The genus Neosymydobius is erected for species similar to that 
described as Symydobius albasiphus Davis. It is evident that this 
species is not a Symydobius. Members of that genus are very large 
and differ in several ways. We place the present genus here with 
considerable doubt. 

Characters. —Cornicles small, truncate, Callipterus-like. Antenne of six segments 
which are armed with a few rather stout hairs. Fore wings with the media twice 

branched, hind wings with both media and cubitus present. Cauda knobbed, anal 

plate slightly indented. Forms living in colonies upon the foliage of trees. Body, 

particularly of the apterous forms, covered with rather stout spine-like hairs. Ovipar- 
ous female with a long ovipositor and depositing several eggs. Males usually winged.. 

Type, Symydobius albasiphus Davis. 

Subtribe MONAPHIDINA. 

The subtribe Monaphidina, erected for the genus Monaphis, is very 
similar in most respects to the Callipterina, but lacks the cornicle 
dorsally. It seems evident that it is a specialization from insects of 
the Callipterus tvpe in much the same way that Fullawaya is related 
to those of the Chaitophorus type. One genus only is known at 
present. This differs more from the Callipterina than does Fullawaya 
from the Chaitophorina. 

Genus MONAPHIS Walker. 

1870. Monaphis Walker, The Zoologist, p. 2001. 

1894. Bradyaphis Mordwilko, Varshava Universitetskiia Izviestiia, v. 8, p. 59. 

~ Few remarks on the synonymy of the genus Monaphis Walker are 
necessary as the same species was used as type in both cases men- 
tioned. The genus is a very remarkable one, being peculiar in many 
ways. 

Characters.—Cornicles faint; antennze of six segments, without distinct hairs, 
sensoria small and circular; cauda somewhat rounded but with an acute point or pro- 

jection; anal plate similar; fore wings with the media twice branched; hind wings with 

both media and cubitus present. 
Type (fixed by Walker, 1870), Apiis antennata Kalt. 
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Subtribe CHAITOPHORINA. 

The subtribe Chaitophorina is composed of aphids which are similar 
in many ways to the Callipterina. They differ in that they are always 
armed with long hairs which quite prominently cover the antenne as 
well as the ange parts of the body. Some of the species perhaps are 
given more to living in colonies than are the Callipterina, but this 
habit varies in that subtribe as well. 

KEY TO THE GENERA OF THE CHAITOPHORINA. 

ieeeanda Cite distinctly. knobbed 2 <2. 2.25 oe gch ne tee eee e se teense 2. 

Caudamoicnabbed' but rounded =o. 222.2 52.5.2. 2 2. lessee eee B 
Pa RCH -eLO Ue); SCOM ENS... esate see tiaeeee se Uke ee eee Le Sipha. 

eM Te(OT BEX SOM ENS 4 5228 2525.2 Sok Ue PS Ee Po LSS 2 Chaitophorus. 

3. Body elongate; small dimorphic forms developed...-....-..-.--.----- Periphyllus. 

Body not elongate; no dimorphic forms developed..........-........--- 4, 

Pee AGaLCHac Olly esezmentsessastees 2224 betes soko e me Ss Ee A theroides. 
Antenne of six segments.........2.-----. Len aetsietars We ete sen al uae 5 

5. Anal plate entire or slightly indented.......-...-.2...---2-.2+-+-+-- Neothomasia. 

Anal plate divided into two quite separate parts...........------------- Patchia. 

Genus ATHEROIDES Haliday. 

1839. Atheroides Haliday, Ann. and Mag. Nat. Hist., v. 2, p. 189. 

More careful collecting of marsh-inhabiting species may show that 
this genus is a specialization from the Chaitophorina as is the Saltu- 
saphidina from the Callipterina, for most specimens falling here seem 
to lack ocular tubercles. 

Characters —Antenne of five segments armed with stout spines. Fore wings with 
media twice branched; hind wings with both media and cubitus present. Cornicles 
reduced to mere rings. Cauda broadly rounded. Form elongate and flat. Entire 
insect prominently spined. Species living on sedges and grasses. 

Type (set by Kirkaldy, 1906), Atheroides serrulatus Haliday. 

Genus CHAITOPHORUS Koch, 

Plate IV, CC. 

1854. Chaitophorus Koch, Die Pflanzenliiuse Aphiden, p. 1. 
1870. Tranaphis Walker, The Zoologist, p. 1999. Ss 

1870. Arctaphis Walker, The Zoologist, p. 2000. 

1912. Fichochaitophorus Essig, Pom, Coll. Journ. Ent., v. 4, p. 721. 

1912. Micrella Essig, Pom. Coll. Journ. Ent., v. 4, p. 716. 

1856. Type fixation, Gerstaecker, Bericht for 1854, p. 162. 

In 1854 Koch erected the genus Chaitophorus with several species. 
Aphis popult was made the type by Gerstaecker in 1856. The same 
species was used by Walker as type of his genus Arctaphis and there- 
fore this name will become asynonym. ‘The types of both of Essig’s 
genera show that these vary little from popult. The genus Tranaphis 
was erected with salicivorus Walker as type and this species is similar 
in general characters to popult. Therefore, Tranaphis will become 
a synonym. 

141613°—20—Bull. 826 3 
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In 1860 Passerini used aceris L. as the type of Chaitophorus and 
this placing has often been followed, but that of Gerstaecker has 
priority. 

Characters. —Cornicles present, truncate, rather prominent. Antenne of six seg- 

ments, armed with subcircular sensoria and rather prominent hairs. Fore wings with 
the media normally twice branched, hind wings with both media and cubitus present. 

Cauda distinctly knobbed. Anal plate entire, sometimes somewhat indented. Sex- 

ual forms not differing markedly from the viviparous ones. Males winged, as a rule, 
but sometimes intermediate or apterous. Ovtparous females apterous with the ovaries 
normally developed and producing several eggs. Both sexes feeding. 

Forms living usually upon the leaves of trees; no dimorphic forms developed. 

Type (fixed by Gerstaecker, 1856), Aphis populi L. 

Genus PATCHIA, n. gen. 

Characters.—Cornicles truncate; antenne of six segments, hairy and with circular 
sensoria. Fore wings with the media twice branched, the radial sector absent or 
faintly indicated; hind wings with both media and cubitus present. Cauda rounded 

or slightly conical; anal plate divided into two separate parts. 

Type, Patchia virginiana Baker, 

Patchia virginiana, n. sp. 

. Alate viviparous female.—Antenne as follows: III, 0.48 mm., with an even row of 

about 12 subcircular sensoria; IV, 0.288 mm.; V, 0.24 mm.; VI (0.16-0.192 mm.). 

Color brown with a large black patch on dorsum of abdomen and with lateral patches 

of same color. Wings with the radial sector absent and the veins heavily bordered. 
Apterous form almost solid velvety black. Both forms secreting wax. 

Found on the bark of chestnut.at East Falls Church, Va. The type is in the U. S. 
National Museum (Cat. No. 23063). 

Genus PERIPHYLLUS Van der Hoeven. 

’ Plate IV, AA, BB. 

1852. Phillophorus Thornton, Proc. Ent. Soc. London, n.s., v. 2, p. 78. 

1858. Chelymorpha Clark, The Microscope. 

1863. Periphyllus Van der Hoeven, Tijd. voor. Ent., v. 6, p. 7. 

1913. Chaitophorinclla Van der Goot, Tijd. voor Ent., v. 56, p. 150. 

1917. Arakawana Matsumura, Journ. Coll. Agr. Tohoku Univ., v. 7, pt. 6, p. 375. 

In 1852 Thornton used the name Phillophorus with his testudinatus 
as type. This name had, however, been used in 1840. Koch erected 
the genus Chaitophorus in 1854 and included therein a number of 
species. In 1856 Gerstaecker set Aphis populi L. as the type of 
Chaitophorus and therefore prevented the use of the name for spe- 
cies such as testudinatus unless all of Koch’s species are included.. 
In 1858 Clark used the name Chelymorpha with the specific name 
phyllophora. The species he discussed is the testudinatus of Thorn- 
ton. The generic name Chelymorpha, however, was used as early 
as 1834 and, therefore, is not available. In 1863 Van der Hoeven 
employed the generic term Periphyllus with his species testudo as 
type. This name is a synonym of testudinatus Thornton, and the 
generic name seems to be the first one available. 

In 1913 Van der Goot employed the generic name Chaitophorinella 
with testudinatus as type, and this name, therefore, will become a 
synonym of Periphyllus. j 



GENERIC CLASSIFICATION OF APHIDIDAE. 35 

Characters.—Cornicles present, truncate in form, often sculptured. Antenne of 

six segments (with the exception of the dimorph) armed with oval sensoria and promi- 

nent hairs. Fore wings with the media twice branched; hind wings with both 
media and cubitus present. Cauda and anal plate rounded. 

Forms living upon the foliage of trees. Sexes not strikingly different from the 

other forms, possessing beaks and feeding. Males winged, oviparous females with 
the ovaries normally developed, thus laying several eggs. Small lamellate or hairy 

dimorphic forms produced in summer. 
Type (monotypical), Pertphyllus testudo Van der Hoeven (=testudinatus Thorn- 

ton). 
Genus NEOTHOMASIA, n. n. 

Plate IV, Y, Z. 

1910. _Thomasia Wilson, Can. Ent., v. 42, p. 386. 

Wilson erected the genus Thomasia with populicola Thos. as 
type, and his description appeared in December, 1910. The same 
name had, however, been used for a genus of Diptera, the description 
of which appeared in September, 1910. A new name, Neothomasia, 
therefore, is necessary for Wilson’s genus. 

Characters.—Cornicles present; antennz of six segments armed with subcircular 
sensoria and prominent hairs. Fore wings with the media twice branched, hind wings 

with both media and cubitus present. Cauda and anal plate both rounded. 
Forms living in colonies upon the leaves or bark of trees; no dimorphic forms pro- 

duced; sexual forms not markedly different from the viviparous ones. Oviparous 
females laying several eggs. 

Type (monotypical), Chaitophorus populicola Thos. 

Genus SIPHA Pass. 

1860. Sipha Passerini, Gli Afidi, p. 29. 

This genus and Atheroides are distinct from the other genera in 
the subtribe by possessing five-segmented antennze instead of six- 
segmented ones. The genus has not been much confused excepting 
by Thomas’s piacing of rubifoli. For a time some workers in this 

- country were led to conceive of the genus as indicated by that spe- 
cies which in reality belongs in the Aphidin1. 

Characters. —Cornicles present, truncate, short, almost mere rings. Antenne of 

five segments armed with large circular sensoria. Body form flat, entire insect cov- 
ered with rather long stout hairs. Fore wings with the media twice branched, hind 
wings with both media and cubitus present. Cauda knobbed, anal plate rounded. 
Forms living upon the leaves of grasses usually in moist localities, sometimes even 
submerged, the water appearing to affect them little. 

Type (fixed by Passerini, 1860), Aphis glyceriae Kalt. 

Subtribe PTEROCOMMINA. 

The subtribe Pterocommina is composed of bark-feeding insects, 
some of which retain quite primitive characters. It is the writer’s 
opinion, however, that they are, as a group, more specialized than 
the Chaitophorina, but closely related. This is indicated by the 
development of the cornicles met with in the species. Like the 
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Drepanosiphina, this development varies to a great extent in the 
different species. 

Only two genera occur in the tribe. They may be separated as 
follows: : 

Key TO THE GENERA OF THE PTEROCOMMINA. 

Cornicles eylindrical ; ovo. 20.5 esos 25 see ose os ahh scenes ee PeOCOmmm a 

Cornicles somewhat swollen.............-......-.-.......-.....-Melanoxantherium. 

Genus PTEROCOMMA Buckton. 

Plate IV, PP. 

1857. Cladobius Koch, Die Pflanzenlause Aphiden, p. 251. 

1860. A phioidcs Passerini, Gli Afidi, p. 28. 

1879. Pterocomma Buckton, Monog. Br. Aphides, vy. 2, p. 142. 

1905. Aristaphis Kirkaldy, Can. Ent., v. 37, p. 416. 

In 1857 Koch erected the genus Cladobius with populeus Kalt. as 
type. This name, however, had been used previously. So Passerini 
in 1860 employed the name Aphioides. This name had also been 
used. Kirkaldy, therefore, gave the new name Aristaphis in 1905. 
In 1879, however, Buckton described the genus Pterocomma with a 
very similar species as type. 

Characters.—Cornicles present, rather short and cylindrical. Antenne of six 

segments armed with prominent hairs and subcircular sensoria. Fore wings with the 
media twice branched; hind wings with both media and cubitus present. Cauda 
and anal plate rounded. 

Type (monotypical), Pterocomma pilosa Buckt. 

Genus MELANOXANTHERIUM Schouteden. 

Plate IV, NN, OO. 

1879. AMelanoranthus Buckton, Monog. Br. Aphides, v. 2, p. 21. 

1901. Melanorantherium Schouteden, Ann. Ent. Soc. Belg., v. 45, p. 113. 

In 1879 Buckton described the genus Melanoxanthus with salicis 
L. as type, but, as this name was preoccupied, Schouteden suggested 
the name Melanoxantherium, 

Characters.—Cornicles present, variable in size, but usually more or less swollen. 

Antenne of six segments armed thickly with hairs and possessing oval or subcircular 
sensoria, Fore wings with the media twice branched, hind wings with both media 
and cubitus present. Cauda and anal plate rounded. 

Forms living in colonies usually on the bark of trees, males usually winged. Ovi- 
parous females laying several eggs. 

Type (monotypical), Aphis salicis L.} 

Subtribe FULLAWAYINA. 

The subtribe Fullawayina is related somewhat closely to the 
Chaitophorina from which it is a specialization, as is evidenced by the 
reduction and total lack of the cornicles. It is very suggestive of 
Monaphis, but evidently arose from quite a different line of develop- 
ment, following Chaitophorus rather than the Callipterus group. 
Only one genus is represented. 

1The writer is forced to change his view that Pterocomma pilosa is closely related to populifoliae 

Fitch. This was based on Pergande’s published statement of his examination of the type. Later notes 

on the type indicated that it resembles populea. 
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Genus FULLAWAYA Essig. 

1912. Fullawaya Essig, Pomona Coll. Journ. Ent., v. 4, p. 716. 

The genus Fullawaya seems to bear somewhat the same relation to 
Chaitophorus that Monaphis does to Myzocallis. Were it not for the 
hairy condition of the antenne and the character of the cauda and 
anal plate, Fullawaya might be placed as a synonym cf Monaphis, 
but it is evidently unrelated. 

Characters.—Cornicles absent; antennze of six segments, armed with rather long 
bristle-like hairs, sensoria small and circular, cauda rounded and armed with long 

curved hairs. Fore wings with the media twice branched, hind wings with both 

media and cubitus present. 
Forms living upon the roots of plants. 

Type (monotypical), /ullawaya saliciradicis Essig. 

Tribe GREENIDEINI. 

The tribe Greenideini was first separated by Wilson under the 
name Trichosiphina. The insects falling here show a most remarkable 
development of the cornicles. These are sometimes as long as the 
entire body in the alate forms. In the apterous individuals they are 
usually swollen. In both they are very thickly covered with long 
hairs, a condition not met with in any of the other Aphidinae with 
long cornicles. It is true that some species of Macrosiphum and occa- 
sionally species of the other genera show here and there minute hairs 
on the cornicles, but they do not approach in any way members of 
this tribe in cornicle armature. The development of the cauda in 
this group is also remarkable. 

Characters.—Cornicles present and remarkably developed into cylindrical or slightly 

swollen tubes often as long as the body and thickly covered with long hairs. Antenne 

of five or six segments armed with ovai or subcircular sensoria. Males winged. Forms 
living free upon the foliage. 

Key TO GENERA OF GREENIDEINI. 

1. Antenne of five segments......- pave oth eles eye har etek eerie Eutrichosiphum. 

PML CUM CeO SIX SCETMEINDS Ms aeheei sate aiiais Sloth, Magee ierate. a 5 ee sisi ald Sal haat Ste esis a a eee 2. 
2. Fore wings with the media twice branched, hind wings with both 

MNECI Aran dec UDI LUSiPFESOM toss). ci. Se caste is -taets cae Sheela icieeinicle eiske Greenidea. 
Fore wings with media once branched, hind wings with neither media 

TO TACO UUISEP TESCO 226 2-2 isis ee Be he ac tee ae Greenideoida. 

Genus GREENIDEA Schouteden. 

Plate V, F-K. 

1905. Greenidea Schouteden, Spol. Zeylan, v. 2, p. 181. 

1906. Trichosiphum Pergande, Ent. News, v. 17, p. 206. 

Tn 1905, Schouteden erected a genus for the Siphonophora artocarpr 
of Westwood and redescribed the species, giving details lacking in 
Westwood’s paper. Pergande erected his genus Trichosiphum, 
making his anonae the type. The characters Pergande used to sep- 
arate his genus were in reality those of Greenidea. 
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Characters. —Cornicles extremely long and hairy; antenne of six segments armed 

with oval or subcircular sensoria and distinct hairs. Fore wings with media twice 

branched; hind wings with both media and cubitus present. Sexes winged. 

Type (monotypical), Siphonophora artocarpi Westw. 

Genus. GREENIDEOIDA Van der Goot. 

Plate V, L-P. 

1900. Greenidea Wilson, not Schouteden, Ann. Ent. Soc. Amer., v. 3, p. 817. 

1916. Greenideoida Van der Goot, Zur Kenntniss der Blattliuse Java’s, p. 140. 

In discussing the genera ‘of the Trichosiphini in 1910, Wilson based 
his descriptions and key on specimens in the collection of the Bureau 
of Entomology. Material in that collection determined as artocarpi 
by Pergande proves not to be that species for it does not agree with 
the descriptions given either by Westwood or Schouteden. Wilson, 
therefore, used the two generic terms Trichosiphum and Greenidea. 
In reality the species listed as artocarpt was undescribed at that time 
and the species of Trichosiphum presented all of. the characters of 
Greenidea. Since that time Van der Goot has erected the genus 
Greenideoida for such species as that understood by Wilson to be 
artocar pt. 

Characters.—Cornicles present, very long, subcylindrical, and armed with long 

hairs. Antenne of six segments armed withoval or subcircular sensoria. Fore wings 
with the media once branched; hind wings reduced in size and lacking both the 

media and cubitus. Cauda and anal plate rounded. 

Type (fixed by Van der Goot, 1916), Greenideoida elongata V. d. Goot. 

Genus EUTRICHOSIPHUM Essig & Kuwana, 

Plate V, A-E. 

19i8. utrichosiphum Essig & Kuwana, Proc. Cal. Acad. Sci., v. 8, no. 3, p. 97. 

The genus Kutrichosiphum Essig and Kuwana was erected for the g 8 
species pasaniae Ok}. 

Characters.—Similar in general characters to Greenidea, Antenne of five segments, 
armed with long hairs and somewhat oval sensoria. Cornicles very long, subcylindrical 

and covered with hairs. Fore wings with the media twice branched, hind wings with 

both media and cubitus present. Cauda and anal plate rounded. 
Type (monotypical), Trichosiphum pasaniae Okj. 

Tribe SETAPHIDINI. 

The correct position of the tribe Setaphidini is somewhat difficult 
to ascertain. In some ways it closely resembles the Aphidini, and 
in others suggests the Lachnini. 

Tt has Aphis-like antennz with, however, a reduced number of 
seoments. The venation of the wings is also reduced. On the other 
hand it possesses cornicles situated on low flat cones somewhat like 
those of the Anoecina or Lachnina. But these cones are devoid of 
hairs. 
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It would appear that this tribe separated from the aphid line after 
the cornicles had lost their armature and before their development 
as indicated in the Aphidina and Macrosiphina began. These organs 
then remained somewhat primitive whereas reduction took place in 

the antenne and wings. One genus only is represented. 

Genus SETAPHIS Van der Goot. 

Plate V, Q-X. 

1916. Setaphis Van der Goot, Zur Kenntniss der Blattliuse Java’s, p. 153. 

Characters.—Cornicles present as rings, situated on low -road. cones. Antenne of 
five segments armed with small circular sensoria. Fore wings with the media once 
branched, hind wings reduced. Cauda and anal plate rounded. Body with two 
prominent caudal fingerlike projections. ; t Wet 

Type (fixed by Van der Goot, 1916), Setaphis luteus V. d. Goot. 

Tribe APHIDINI. 

The tribe Aphidini is by far the largest tribe of the living Aphididae. 
Many of the most common species in the family as well as many 
of the most injurious ones belong here, and it is these forms which 
correspond to the popular conception of the family. 

Besides being abundant they are varied, and a large number of 
genera is therefore found in this tribe. Specialization has taken 
place in a number of directions, but particularly in the development 
of cornicles, cauda, etc. The wings have become somewhat reduced 
in certain genera, but as a rule little reduction in these organs has 
occurred, the venation in most cases being as complete as in even 
the most primitive forms of the family. The antenne have developed 
an elongate filamentous process to the distal segment, which in the 
Lachnini is represented by a very short thumblike projection. Wax 
secretion is found scarcely at all apart from that produced and 
secreted by the cornicles. The head shows certain peculiar develop- 
ments in some of the tribes in that the antenne are situated on 
prominent tubercles variously shaped and armed. 

- As a rule the body is more or less naked, being covered only by a 
few scattered hairs. In the peculiar specialized Cervaphidina, 
however, large toothed processes extend outward from the body 
surface. 

Migration between a primary host and one or more secondary 
hosts often occurs. Apterous and alate viviparous forms, therefore, 
are common, but no definite relation exists between them. The 
forms feed mostly upon the leaves of trees and herbs but they may 
also be found feeding upon the twigs and roots. They are not 
infrequently attended by ants. The oviparous females are nearly 
always apterous, but the males, on the other hand, usually are winged. 
Apterous males, however, are common and intermediate forms 
between alate males and apterous males sometimes occur. Inter- 

Lette Yemieyd so 
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mediates between apterous and alate viviparous forms are of quite 
common occurrence and indicate possible origin of the apterous 
forms. It is no doubt true, however, that in members of this tribe 
the equilibrium is disturbed more easily than in some of the others, 
and that external influences have a more sudden and _ noticeable 
effect. 
We have divided the tribe into four subtribes which may be 

separated as follows: 

Key to THE SUBTRIBES OF THE APHIDINI. 

1. Body covered with, lone projections:: ..5.2.2is<eeee acts eee CERVAPHIDINA. 

Body naked with the exception of a few hairs......-......----------+---- Th 
2. Head without prominent antennal tubercles........-.--..-.-------- APHIDINA. 

Head with prominent antennal tubercles.............-.--------..-.------ 3: 

3. Wings with the radial sector normal..............------------- MACROSIPHINA. 

Wings with the radial sector more or less united with the upper branch of 

thie me)die Orhind. wities Kediced eu so22 3 teeters ae aes ss see ee PENTALONINA. 

Subtribe APHIDINA. 

The insects in the: Aphidina show a great variation in revard to 
the cornicles and cauda. Some have very markedly developed 
cornicles, others have extremely small ones, while one genus lacks 
them altogether. The cauda varies from very large in genera like 
Hyalopterus to scarcely any visible cauda in some ofthe other 
genera. Certain of the genera appear more similar than others, for 
example, Hyalopterus, Pergandeidia, and Brachycolus all have small 
cornicles and somewhat large caudz. Certain other genera, while 
appearing quite different-in some ways, are evidently related. 
Cavariella, Hyadaphis, Aspidaphis, and Vesiculaphis all have char- 
acters which are very suggestive, although there are differences 
between them. So also there is a group suggesting Aphis. The 
various genera may be separated as follows: . 

Key TO THE GENERA OF THE APHIDINA. 

Peet OCHI Ces BOBONG ate ae os ee cs soe Peis ee sees Se Asiphonaphis. 
Sioa es: PGK .,<4'¢ betas en a ive aac oe ote SEE one hes a ie ee oe Ze 

2. Cornicles swollen, not subcylindrical or tapering..........-.-.--.+-------- 3: 

Cornicles subcylindrical or tapering but sometimes extremely short and 
TEEN sod sidechains So el 2: 

3. Tore wings with the media once branched; apterous form with very much 

BWON GOL ClOS .....2<Je acid peru siae's occ Pane eaten Vesiculaphis. 

Fore wings with the media twice branched ...........--...------+--+-2-0-- 4. 
4>— Hind. wines with the cubitus lacking. -s-2...0s<cc0u sates tecce seece se Carolinaia. 

Hind wings with both media and cubitus present..........----.-------+-- 5. 
5. Abdomen with a dorsal projection or tubercle above cauda..........-...-- 6. 

ADGOMEen WiLnouE dliis StrUChUrO ja. aalet So ceatersleieia cteetaa's = euesen hia ste ie 
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6. Tubercle very large, entirely covering posterior part of body; cornicles 
maralmopenine ainthe sides.2.a80-2 See t A ess be Sees Aspidaphis. 

Tubercle of moderate size, as large as cauda in the apterous form; cornicles 

MUSE OpelIne Attend sesso. A eae eS a set ee tee Sm Cavariella. 
7. Cornicles long, very abruptly and distinctly swollen.......:...--- Liosomaphis. 

Cornicles of varying lengths, gradually swollen............-------------- 8. 

8. Cauda short and abruptly conical; cornicles about the same length 
as cauda and swollen in the middle..........-.--:--+----------- Brevicoryne. 

Cauda not strikingly short or abruptly conical........-..-...-.-...:--- 9. 

9. Cornicles as short as the width of cauda at base or shorter........-..----- 10. 

’ Cornicles as long as or longer than'thercaudaso2. 2 229205. 2222! saat 1B 

fee Corméeles minute: tubercle-like: 222.205.2220 he Fe Brachycolus. 
Cornicles considerably longer than their diameter; cauda, particularly 

iMpbempherousmorm:, larce and long... 2.-\..25202 8.2 SS Hyalopterus. 

11. Cauda in the apterous form long and broad, as long as the cornicles.. Hyadaphis. 
Cauda shorter than the cornicles, not correspondingly long and 

(EERE ag sa a a Bil gpa aa OS Rhopalosiphum, 

La, “LASESE Bi areoya) Smee PUR ee ea = Sal Rel csesndl i ny ees an a 3. 
TOPISE TOYO TEAN Gee ae ete me nie Or See pe tere geet erect en ae 14, 

13. Antennz of six segments; cornicles rather short............--------.--2 A tarsos. 

Antenne of five segments; cornicles very long and slender........-.. Mastopoda. 

14. Cauda apparently absent, or a mere rounded platelike structure. -........ PAM 

Cauda normal in appearance but often very short...........-----------. 15. 
toe ehore wanos with media once branched. :s.5..24..-+-2<i-+2-22j-jo02- 20 2- Hp. 

Fore wings with media twice branched..........-.-.-.---------+------- 16. 
Ree Pen OtNVie SCOMENLS. <5. - - = co 2 ola tier e je aoc ot oe wes a ene 24. 

AMPCUMPeTOMSIX SCOMENLS: 0-22-22 occa e eee Farah tenes eee ye Af 
17. Cornicles small, as short as width of cauda at base, which is without con- 

Riiieid Ol meme ste hia ai MR aa Ua taU tee Re ee ee a ass ect Bek 18. 
Cornicles usually as long as or longer than cauda, Aphis-like............- 19. 

18. Cauda very long and large in the apterous form ..........-...--.-- Pergandeidia, 

Cauda extremely short and subconical................----.-...-Microsiphum, 
ieeatds shortand abruptly conical. 2022-20 .t eto eee Bserets Anuraphis, 

Cauda elongate and constricted near base---....--.....-----------.---- 20, 
20. Hind wings with media and cubitus present ...-....-.--..---------.----/ Aphis, 

Hind wings with only one oblique vein...-....-.:...-------..-- Hysteroneura. 
Ziem Cornicles minute, not as long as. wide....:..----.-++--+:---. ...-Cryptosiphum. 

Gouniclessmoderate in length... -2--..--2:---.s---+--+-----+-+-:2-----ACaUdUS, 
Pome SIEM OP SEX-BEPMCMIS ss 22. b 22h sass a eee et eek ee eee ee eee Toxoptera, 
- EMMbelIco Olive SeoTMeNtS iia MH fat Sa) 2B i kes Lee 23. 

23. Apterous form with a prominent median projection on the vertex and 

with four-segmented antennz; cornicles minute.....-....--..-..-- Sanbornia. 
PRPC CLOUS | ORME TOLMID soe a. a esp ses ae Sa Neosat Senne ter ye Yamataphis. 

Zammeariclesrclonvate, Apnis-like 92.2 in sate ae et eecees css ce sees Cerosipha. 
Cornicles extremely short, body of apterous form, much arched. Siphonatrophia, 

Genus ACAUDUS V. 4. Goot. 

Plate VI, A, B. 

1913. Acaudus Van der Goot, Tijd. voor Ent., v. 56, p. 97. 

1917, Macchiatiella Del Guercio, Redia, v. 12, p. 210. : 

1917. Honnabura Matsumura, Journ. Coll. Agr. Tohoku Univ., v. 7, pt. 6, p. 377. 

Van der Goot erected his genus Acaudus with lychnidis L. as type. 
This species is quite similar to an Aphis without a cauda or with a 
very short, somewhat rounded cauda. The cornicles are not long. 
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Del Guercio’s genus had his iifolit placed as type. The corni- 
cles of this species appear to be a little longer than those of the type 
of Van der Goot’s genus, but in other respects the insects seem to 
be quite similar. We feel that they belong to the same genus. We 
are keeping this genus distinct from Coe pha not only because 
of the minute cornicles in that genus but also on account of the 
peculiar head structure which is thereseen. It is not typically Aphis- 
hke. 

Characters: —Head without prominent antennal tubercles. Antenne of six seg- 
ments. Fore wings with the media twice branched; hind wings with both media 

and cubitus present. Cornicles cylindrical, of moderate length; cauda reduced to a 
broad, short, rounded structure. 

' Type (fixed by Van der Goot, 1913), Aphis lychnidis L. 

Genus ANURAPHIS Del Guercio. 

. Plate VI, C-F. 

1907. Anuraphis Del Guercio, Redia, v. 4, p. 190. 

1913. Brachycaudus Van der Goot, Tijd. voor Ent., v. 56, p. 97. 

1913. Deniatus Van der Goot, Tijd. voor Ent., v. 56, p. 98. 

1913. Semiaphis Van der Goot, Tijd. voor Ent., v. 56, p. 105. 

1917. Yezabura Matsumura, Journ. Coll. Agr. Tohoku Univ., v. 7, pt. 6, p. 392. 

1918. Sappaphis Matsumura, Trans. Sapporo Nat. Hist. Sec., v. 7, pt. 1, p. 18. 

In 1907 Del Guercio erected the genus Anuraphis in which were 
included pyri Koch, lappae Koch, iridis Del Guercio, ranunculi Kalt., 
myosotidis Koch, centaureae Koch, prunicola Kalt., tragopogonis Kalt., 
tani Feer » farfarae Koch, and persicae Boyer. 

These species, with ae exception of lappae and tragopogonis which 
seem to belong to Aphis, have a broadly and somewhat abruptly 
conical cauda quite unlike that of the genus Aphis. In 1913, Van der 
Goot erected his genus Brachycaudus with one of these species, myoso- 
tidis, as type without referring any of the species to Anuraphis at all. 
It is evident that Brachycaudus is a synonym of Anuraphis. At the 
same time he erected the genus Semiaphis with carotae Koch as type. 
A study of this species, as seen in Plate VI, makes it evident that this 
is a species of the same general type. Semiaphis thus becomes a 
synonym of Anuraphis. Based on the minute tubercles, particularly- 
on the head and caudal portion of the abdomen, Van der Goot also 
erected the genus Dentatus with sorbi Kalt. as type. Apart from 
these tubercles sorbi is in the character of the cauda, etc., a typical 
Anuraphis. In our American rosy aphis, a species very eile to 
sorbi, these tubercles are absent in many individuals, and in the fall 
migrants the caudal ones are nearly always absent. Tf this character 
were retained, therefore, the species would belong in one genus as 
far as the spring migrant is concerned, and in another genus when 
the fall migrant is considered. Dentatus, therefore, becomes also 

a synonym of Anuraphis. 
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Characters.—Head without prominent antennal tubercles. Antenne of six seg- 

ments and armed with subcircular sensoria. Fore wings with the media twice 
branched, hind wings with both media and cubitus present. Cornicles cylindrical, 

often short, though sometimes moderately long; cauda short, broad, and abruptly 

conical, never elongate and constricted as in Aphis. Males usually winged. Ovi- 

parous forms apterous. 

Type (fixed by Del Guercio, 1907), Aphis pyri Koch. 

Genus APHIS L. 

Plate VI, G-I. 

1758. Aphis Linnaeus, Systema Naturae, 10th ed., p. 451. 
1817. Loxerates Rafinesque, Am. Mo. Mag. & Crit. Review, v. 1, p. 361. 

1907. Uraphis Del Guercio, Redia, v. 4, p. 192. 
1907. Microsiphon Del Guercio, Redia, v. 4, p. 192. 

1913. Myzaphis Van der Goot, Tijd. voor Ent., v. 56, p. 96. 
1913. Stenaphis Del Guercio, Redia, v. 9, p. 185. 

1916. Longiunguis Van der Goot, Zur Kenntniss der Blattliuse Java’s, p. 112. 

1916. Melanaphis Van der Goot, Zur Kenntniss der Blattliuse Java’s, p. 61. 

1917. Abura Matsumura, Jour. Coll. Agr. Tohoku Univ., v. 7, pt. 6, p. 407. 

1917. Arimakia Matsumura, Jour. Coll. Agr. Tohoku Univ., v. 7, pt. 6, p. 405. 

A number of species were included in the original genus by Lin- 
naeus. Of these Lamarck set Aphis ulmi L. as type in 1801, and in 
1802 Latreille set Aphis sambuct L. as type. Aphis ulmi bh. 
is, according to Passerini, Hriosoma lanuginosa Hartig and the spe- 
cies now placed in Tetraneura. Sambuci is retained here as type 
and a request will be submitted that this species be fixed definitely 
by the International Commission. It would greatly disarrange the 
economic literature to change the meaning of this common name. 

In 1907 Del Guercio erected two genera, Uraphis and Microsiphon 
based on the relative length of the cornicles and cauda. When con- 
sidering certain individual species this would appear as a very fair 
character for use. But when large series of species are studied it will 
be found that in the species having the cauda of the typical Aphis 
shape there are ali gradations of cornicles from the very short to 
the very long. This will be seen also in the forms having the abruptly 
conical cauda. Some species have very short cornicles and some 
quite long ones. Moreover, in the same species the cornicles in the 
different forms will bear a different relation to the length of the 
cauda. Species, therefore, having cornicles and cauda of essentially 
the same character should not be used as types of different genera 
depending on the length of the cornicles. If this were the case, 
certain species which are close to the border line of separation would 
on some individuals fall in one genus and on other individuals fall in a 
different genus. Under this rule, sacchari Zehnt. would, it is believed, 
belong to the genus Aphis, and Longiunguis, therefore, be a synonym 
of Aphis. Likewise the genus Melanaphis would be a synonym of 
Aphis. This genus was erected with bambusae Kirk. as type. The 
cornicles are short but the cauda is aphis-like. Where the generic 
characters are considered, the genus appears a synonym. 
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The genus Myzoaphis was erected by Van der Goot with Aphis 
rosarum Kalt. and Aphis abietina Walker. These two species show 
practically no antennal tubercles and are very little different from 
a typical Aphis, excepting in the clothing of the antenne and body. 
The cauda as figured by Van der Goot is quite conical, but the. 
writer’s specimens are somewhat different from this and specimens 
of abietinus do not show a cauda exactly like his figure. In fact, 

they appear more like an Aphis. This genus, therefore, should not 
be separated or it will necessitate the separation of very many 
other forms under new names. 

Characters.—Head without prominent antennal tubercles. Antenne of six seg- 
ments and armed with subcircular sensoria. Fore wings with the media twice branched; 
hind wings with both media and cubitus present. Cornicles cylindrical or slightly 

tapering. Cauda usually not as long as the cornicles, subconical, rather elongate, 
constricted about the middle. Anal platerounded. Males usually winged, oviparous 
females apterous. 

Type (by suspension of rules), Aphis sambuci L. 

Genus ASPIDAPHIS Gillette. 

Plate VI, L-O. 

1917. Aspidaphis Gillette, Can. Ent., v. 49, p. 196. 

The genus Aspidaphis appears to be related both to Cavariella 
and to Vesiculaphis. It has the short, blocky form of Vesiculaphis 
and also the peculiar integument. On the other hand, certain species 
with a similar integument are met with in Cavariella. The develop- 
ment of the dorsal abdominal tubercle is here very pronounced and 
the cornicles have taken on a peculiar shape. 

Characters—Head without prominent antennal tubercles; antenne short, of five 
segments, armed with subcircular sensoria. Wing venation normal. Cornicles very 
small, somewhat swollen near the distal extremity and with the opening in the side of 
the cornicle, not at the tip. Abdomen with a dorsal caudal tubercle developed into 

a large conical process extending beyond and fully covering the cauda in the apterous 
form. Body elongate. 

: Type (monotypical), Aspidaphis polygonii Gill. 

Genus ASIPHONAPHIS Wilson & Davis. 

1919. Asiphonaphis Wilson & Davis, Ent. News, v. 30, p. 39. 

Characters. —Head without prominent antennal tubercles. Antenne cf six segments 
armed with subcircular sensoria. Fore wings with the media twice branched; hind 
wings with both media and cubitus present. Cornicles absent entirely. Abdomen 

with large lateral tubercles. Cauda somewhat conical or Aphis-like. Anal plate 

rounded. i 

Type (monotypical), Asiphonaphis pruni Wilson & Davis. 

Genus ATARSOS Gilleite. 

Plate VI, P-S. 

1911. Atarsos Gillette, Ent. News, v. 22, p. 440. 

Characters. —Head without prominent antennal tubercles. Antenne of six segments 

armed with subcircular, somewhat tuberculate sensoria; fore wings with the media 

twice branched, hind wings with both media and cubitus present. Cornicles rather 
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short, subcylindrical; cauda somewhat conical, not quite as long as the cornicles; anal 

plate rounded. Tarsi atrophied in all the forms. 
Type (monotypical), Atarsos grindeliae Gill. 

Genus BRACHYCOLUS Buckton. 

Plate VI, T, U. 

1879. Brachycolus Buckton, Mon. British Aphides, v. 2, p. 146. 

1913. Brachysiphum Van der Goot, Tijd. voor Ent., v. 56, p. 105. 

The genus Brachycolus was erected with stellariae Hardy as type 
and is easily recognized from the structure of the cornicles. Van 
der Goot’s genus is in all essential respects the same, the type of that 
genus being thalictrt Koch. 

Characters.—Head without prominent antennal tubercles. Antenne of six segments 
and armed with subcircular sensoria. Wing venation normal. Cornicles very small, 
especially in the apterous form. Cauda medium in size and conical. Body elongate; 

legs and antennee usually short. 
Type (monotypical), Aphis stellariae Hardy. 

Gerus BREVICORYNE V. d. Goot. 

Plate VI, J, K. 

1915. Brevicoryne Van der Goot, Beitrige z. Kennt. d. Holl. Blattliuse, p. 245. 

1916. Ocdisiphum Van der Goot, Zur Kenntniss der Blattliuse Java’s, p. 122. 

1918. Brevicoryne Das, Mem. Ind. Mus., v. 6, p. 179. 

The genus Brevicoryne was erected with Aphis brassicae L. as type, 
a species in which the cornicles are very short-and somewhat swollen 
in the middle, and the cauda conical. In the species Ocedisiphum 
compositarum V. d. Goot quite similar characters are found. The 
cornicles appear to be somewhat more slender but in the main the 
species appear alike. Oedisiphum, therefore, becomes a synonym. 

Characters.—Head without prominent antennal tubercles; antenne of six segments 
and armed with subcircular sensoria. Wing venation normal. Cornicles short, not 

much longer than the cauda and swollen in the middle. Cauda short and broadly 
conical. 
Forms not especially elongate. 

Type (monotypical), Aphis brassicae L. 

Genus CAROLINAIA Wilson. 

Plate VI, V,W. 
1911. Carolinaia Wilson, Can. Ent., v. 43, p. 61. 

The genus Carolinaia Wilson is related very closely to Rhopalosi- 
phum. In fact some of the species placed here are distinguished. 
from members of that genus only by the fact that the cubitus is 
lacking in the hind wing. It is true that the type species was 
described as having five-segmented antennze in the apterous form. 
But other species, like this in all other respects, have normal six- 
segmented antenne. Certain species of Rhopalosiphum will show 
strains in which nearly all of the individuals will have five-segmented 
antenne and yet the normal antenna for such species is a six- 
segmented one. In this closely related genus, therefore, it is not 
surprising if a similar condition is met with. 
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Characters.—Head without prominent antennal tubercles. Antenne of five or six 

segments armed with subcircular sensoria. Venation of the fore wings normal; hind 
wings with the cubitus absent; cornicles elongate, slightly swollen near the distal 

extremity, but without a prominent neck near the proximal end. Cauda rather 

broadly conical. 
. 

Type (monotypical), Carolinaia caricis Wl1sn. 

Genus CAVARIELLA Del Guercio. 

Plate VI, X-Z. 

1911. Cavarielia Del Guercio, Redia, v. 7, p. 323. 

1914. Corynosiphon Mordwilko, Faune de la Russie-Insecta, Aphidodea, p. 73. 

1917. Nipposiphum Matsumura, Journ, Coll. Agr. Tohoku Univ., v. 7, pt. 6, p. 410. 

Two new genera were erected in recent years: One by Del 
Guercio, Cavariella, with pastinacae L. as type; the other by 
Mordwilko, called Corynosiphon, but with no species definitely 
given. In a footnote, however, Mordwilko refers capreae Fab. to 
his Corynosiphon. Both of these genera, therefore, were used for 
insects of the same general type. This may be said too of 
Nipposiphum. 

Characters.—Head without distinct antennal tubercles; antennz of six segments, 
armed with prominent sensoria. Wing venation normal. Cornicles somewhat swollen 
near the distal end; cauda rather elongate, somewhat conical; abdomen with a tubercle 

or horn above the cauda, this tubercle or horn most prominent in the apterous form. 
Males winged; oviparous females usually apterous. 

Type, Aphis pastinacae L. } 

Genus CEROSIPHA Del Guercio. 

1900. Cerosipha Del Guercio, Nuove Rel, Staz. Firenze, ser. 1, no. 2, p. 116. 

1918. Metaphis Matsumura, Trans. Sapporo Nat. Hist. Soc., v. 7, pt. 1, p. 1. 

The genus Cerosipha Del Guercio was erected for a species, pas-’ 
seriniana Del Guercio, somewhat similar to Aphis but with five seg- 
ments to the antenne. The writer has been unable to study the type 
species and has based his remarks on rubifolii Thomas, an American 
species. 

Characters.—Head without prominent antennal tubercles; antenne of five segments, 

Aphis-like, armed with subcircular sensoria. Fore wings with the media twice 
branched, hind wings with both media and cubitus present. Cornicles cylindrical or 

somewhat tapering, cauda Aphis-like, somewhat tapering. 
Type (monotypical), Cerosipha passeriniana Del G. 

Genus CRYPTOSIPHUM Buckton. 

Plate VI, PP, QQ. 
1879.. Cryptosiphum Buckton, Mon. Br. Aphides, v. 2, p. 144. 

The genus Cryptosiphum Buckton can be distinguished from others 
having very short cornicles by the cauda which is here short and 
rounded, while in most other cases it is very long. 

Characters.—Head without distinct antennal tubercles. Antenne of six segments, 
rather short, and with subcircular sensoria. Fore wings with the media either once or 

twice branched. Hind wings with both media and cubitus present. Cornicles sub- 

~“1'The writer has a record to the effect that in a published paper Del Guercio used pastinacae as type 

of Cavariella, but he has been unable to locate the publication and can not reach Doctor Del Guercio 

through the mails. 
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cylindrical but extremely short, not as long as wide. Cauda very short and rounded, 
not Aphis-like; anal plate rounded. 

Type (monotypical), Cryptosiphum artemisiae Buckt. 

Genus HYSTERONEURA Davis. 

1919. Heteroneura Davis, Can. Ent., v. 51, p. 228. 

1919. Hysteroneura Davis, Can. Ent., v. 51, p. 263. 

Characters.—Head without prominent antennal tubercles. Antenne of six seg- 
ments armed with subcircular sensoria. Fore wings with the media twice branched. 

Hind wings with the cubitus absent. Cornicles somewhat tapering or subcylindric, 
cauda Aphis-like; anal plate rounded. 

Type (monotypical), Aphis setariae Thos. 

Genus HYADAPHIS Kirk, 

Plate VI, AA, BB. 

1904, Hyadaphis Kirkaldy, The Entomologist, vy. 37, p. 279. 

1863. Siphocoryne Passerini, Aphidid® Italic, p. 8 (not Siphocoryne , 1860). 

As indicated under the discussion of Siphocoryne, Passerini set 
zyloster as type of his genus in 1863. Nymphaeae had, however, 
been set in 1860, so Kirkaldy gave Hyadaphis to Passerini’s 1863 
conception, of which genus xylostei becomesthetype. Xyloste: has no 
caudal horn and is quite similar in general appearance toa Rhopalo- 
siphum. We may separate the two genera, however, on the cauda, 
which in zylostei, particularly in the apterous form, is very large, fully 
as long as the cornicles, and broad, quite unlike that of nymphaeae- 
Several other species which have generally been considered in the 
same genus with zyloste: possess a distinct caudal projection on the 
abdomen. One of these has been made the type of Cavariella so that 
such species will be removed from our conception of Hyadaphis. 

Characters.—Head without prominent antennal tubercles; antenne of six segments 

which are rather abundantly armed with tuberculate sensoria. Wing venation normal. 
Cornicles somewhat swollen but not prominently so. Cauda, particularly in the 
apterous form, large, as long as the cornicles, and broad. Males usually winged; 

Oviparous females apterous; summer forms usually feeding on the Umbellifere. 
Type (fixed by Kirkaldy, 1904), Aphis xylostei Schrk. 

Genus HYALOPTERUS Koch. 

Plate VI, RR-WW. 
1854. Hyalopterus Koch, Die Pflanz. Aphiden, p. 16. 

1917. Hayhurstia Del Guercio, Redia, v. 12, p. 208. 

Aphis pruni Fab. was set as the type of this genus in 1860 by 
Passerini. In 1917 Del Guercio erected the genus Hayhurstia. 
There is little difference between the two as will be seen by examining 
the drawings given herewith. The cauda in Hayhurstia is slightly 
narrower than that in Hyalopterus. It is the writer’s opinion that 
the two represent only one genus. 
Two other genera may be mentioned here. They are Brachycolus 

Buckt. and Pergandeidia Schout. Specimens of the type species of 
Brachycolus show that this genus is quite similar to Hyalopterus, 
but it differs in the cornicles. In Brachycolus the cornicles are very 
small, almost mere rounded swellings in the apterous form, whereas 



48 BULLETIN 826, U. S. DEPARTMENT OF AGRICULTURE. 

in Hyalopterus the cornicles are in the apterous form of fair size and 
not distinctly swollen. . 

Specimens of the type of Pergandeidia received from Schouteden 
show that this genus is very close to Hyalopterus and is probably 
almost too close for a very distinct genus. The diagnosis given by 
Wilson (1910) for this genus does not agree with the type species as 
determined by the author of the genus. 

In the specimens examined by the writer the cauda, as will be seen 
in the drawings, 1s very much longer than the cornicles, bearing about 
the same ratio as seen in Hyalopterus. 

Characters.—Head without distinct antennal tubercles, antenne of six segments 
armed with subcircular sensoria. Wing venation normal. Cornicles very short, not 
much longer than the cauda is wide at its base, swollen beyond the middle, particularly 
in the aiate form. Cauda long and broad, considerably longer than the cornicles. 
Form of the insects elongate, often more or less flat. 

Type (fixed by Passerini, 1860), Aphis pruni Tab. ee | erundinis Fab.). 

Genus LIOSCMAPHIS Walker. 

Plate VI, NN, 00. 

1868. Liosomaphis Waiker, The Zoologist, p. 1119. 

The genus Liosomaphis Walker is related somewhat closely to 
Hhopalosiphum. The two genera, however, can be separated on the 
structure of the cornicles. 

In Liosomaphis the cornicles have a very distinct neck near the 
proximal extremity, due to a constriction behind the prominent. 

swelling. This 1s strikingly evident in the apterous form, as well as 
in the alate one. In Rhopalosiphum, on the other hand, there is no © 
abaupt swelling, but only a gradual one which is not at all prominent, 
as in Liosomaphis. 

Characters. —Head without prominent antennal tubercles. Antenne of six segments 

armed with subcircular sensoria. Wing venation normal, Cornicles elongate, 

distinctly swollen in the middle, and with a constricted neck near the base. 
Structure in both the apterous and alate forms similar. Cauda not as long as the 
cornicles, somewhat narrowly conical. Males usually winged; oviparous females 

usually apterous. 

Type (monotypical), Aphis berberidis Kalt. 

Genus MASTOPODA Oesilund. 

1886. Mastopoda Oestlund, Minn. Geol. Surv. Rept. 14, p. 52. 

The genus Mastopoda Oestlund, like Gillette’s Atarsos, is peculiar 
in that the tarsi are atrophied. 

Characters. —Head without distinct antennal tubercles. Antenne of five segments. 

Fore wings with the media twice branched, hind wings with both media and cubitus 

present. Cornicles somewhat long and cylindrical. Cauda short, conical, Aphis- 

like. Legs with the tarsi absent and provided instead with a membranous disk 

which enables the insect to walk inverted on smooth surfaces. 

Type (monotypical), Mastopoda pteridis Oestlund, 
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Genus MICROSIPHUM Cholodkovsky. 

1908. Microsiphum Cholodkovsky, Zool. Anz., v. 32, p. 687. 

Characters—Head without prominent antennal tubercles, although with apparent 
ones. Antenne of six segments, rather long and slender. Fore wings with the media 

twice branched; hind wings with both media and cubitus present. Cornicles very 
short, not much longer than wide and often scarcely visible in the alate form, Cauda 

extremely short and subconical or slightly rounded; anal plate rounded. 
Type (monotypical), Micrositphum ptarmicae Chol. 

Genus PERGANDEIDIA Schouteden. 

‘Plate VI, KK-MM. 

1902. Pergandeidia- Schouteden, Zool. Anz., v. 26, p. 685. 
1913. Longicaudus Van der Goot, Tijd. voor Ent., v. 56, p. 146. 

1915. Rhizoberlesia Del Guercio, Redia, v. 10, p. 246. 

1918. Yezosiphum Matsumura, Trans. Sapporo Nat. Hist. Soc., v. 7, pt.1, p. 7. 

1918. Brachyunguis Das, Mem. Ind. Mus., v. 6, p. 227. 

The genus Pergandeidia was erected by Schouteden with his 
ononidis as type. The characterization of the genus in this paper is 
based on specimens of the species received from Schouteden, and 
though it does not agree with the characterization of the genus as 
sometimes given, it seems necessary to follow the type species in 
forming a conception of the genus. In 1913 Van der Goot erected 
the genus Longicaudus and placed trirhodus Walker as type. In 

studying this species differences sufficient for good generic distinc- 
tion have not been found, and, therefore, the conclusion may be 

drawn that Longicaudusis asynonym of Pergandeidia. Del Guercio’s 
genus is placed here aiso, although a study of the type species, which 
is not available, possibly may show the cauda to besomewhat different. 

Characters.—Head with no prominent antennal tubercles; antennee of six segments. 

Fore wings with media twice branched, hind wings with both media and cubitus 
present. Cornicles very short, almost as wide as long. Cauda very long and broad. 

Type (monotypical), Pergandeidia ononidis Schout. 

Genus RHOPALOSIPHUM Koch. 

Plate VI, FF-JJ. 

5 1854. Rhopalosiphum Koch, Die Pflanz. Aphiden, p. 23. 
1860. Siphocoryne Passerini, Gli Afidi, p. 28. 

1882. Rhopalosiphon Scudder, Nomenclator Zoologicus. 

1910. Coloradoa Wilson, Ann. Ent. Soc. Am., v. 3, p. 323. 

1915. Siphonaphis Van der Goot, Beitrige zur Kennt. d. Holl. Blattliuse, p. 238. 

1918. Stephensenia Das, Mem. Ind. Mus., vy. €, p. 175. 

1856. (Type fixation) Gerstaecker, Bericht for 1854, p. 162. 

There has been much confusion in regard to this genus. Koch 
included a number of diverse species. In 1856 Gerstaecker defi- 
nitely set Aphis nympheae L. as type. Overlooking this, Passerini 
in 1860 set persicae Sulz. as type. In 1863, however, he changed this 
name to dianthi Schrank. In 1860 Passerini erected the genus Sipho- 
coryne with A. nympheae L. as type. Having the same type this 
must, therefore, become a synonym of Rhopalosiphum. In 1863 
Passerini placed nympheae in Rhopalosiphum, although he set dianthi 

141613°—20—Bull. 8264 
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as type, and he used Siphocoryne in a different sense with zylostet 
Schrank as type. Such a procedure is inadmissible, and Kirkaldy 
therefore renamed this genus Hyadaphis. 

The genus Coloradoa Wilson was erected with rufomaculata Wilson 
as type. Although much smaller, this species is essentially like 
nympheae in structure, and we therefore consider the genus a syno- 
nym of Rhopalosiphum. . 

The genus Siphonaphis Van der Goot was erected with nympheae 
L. as type. Having the same type, therefore, it must become a 
synonym of Rhopalosiphum. Lahorensis Das is quite similar. 

Characters—Head without prominent antennal tubercles. Antenne of six seg- 
ments with the usual subcircular sensoria present. Wing venation normal. Cor- 
nicles moderately long and slender, slightly swollen near their distal extremities. 
Cauda rather elongate, not as long as the cornicles, and not broad. Abdomen without 
a caudal horn or projection above the cauda. Males usually winged; oviparous 
females usually apterous. 

Type (fixed by Gerstaecker, 1856), Aphis nympheae Li. 

Genus SANBORNIA, n. gen. 

Plate VII, F-L. 

The genus Sanbornia is erected for a peculiar form living on 
juniper at College Station, Tex., and forwarded to the Bureau by 
Charles Sanborn. This species was determined as undescribed by Mr. 
Pergande who had planned to publish on it. He had given it the 
name junipert. The type is in the U.S. National Museum (Cat. 
No. 23064). 

Characters.—Head without prominent antennal tubercles. Antenne of five seg- 
ments, armed with circular sensoria. Fore wings with the media once branched, 

hind wings with only the media present, cornicles minute; cauda elongate. Apterous 

form with four-segmented antenne and with a prominent mushroom-like projection 

on the vertex. 

Type, Sanbornia junipert Perg. 

Sanbornia junipert Pergande, n. sp. 

(Description by Mr. T. Pergande.) 

Apterous form.—The head is most remarkable in front, having a large, squarish, 

bilobed projection about the middle and each side of it; close to the insertion of the 
antennee is a prominent, short, and conical protuberance. There is also at the inner 

side of the first antennal joint a long and slightly conical protuberance. The antennze 
are but four-jointed, the spur shorter than the basal section of the joint. Nectaries 

are not visible (?); the tail is rather long and uniformly elongate conical; the tarsi 

are very short, the first joint appears to be minute, and in alcoholic specimens seems 

to be withdrawn into the tibixw; the last abdominal segment is semicircular, 



GENERIC CLASSIFICATION OF APHIDIDAE. 51 

Genus SIPHONATROPHIA Swain. 

Plate VII, A-E. 

1918. Siphonatrophia Swain, Ent. News, v. 29, p. 363. 

Characters —Head without prominent antennal tubercles. Antennze of five seg- 
ments and armed with circular sensoria. Fore wings with the media twice branched; 
hind wings with both media and cubitus present. Cauda elongate and comical. Cor- 

nicles extremely short. Body of apterous form considerably arched. 

Type (monotypical), Cerosipha cupressi Swain. 

Genus YAMATAPHIS Matsumura. 

1917. Yamataphis Matsumura, Jour. Coll. Agr. Tohoku Univ., v. 7, pt. 6, p. 412. 

Characters.—Head without prominent antennal tubercles. Antennze of five seg- 
ments armed with small circular sensoria. Fore wings with the media once branched; 

hind wings with both media and cubitus present. Cornicles subcylindrical. Cauda 

somewhat conical. 
Type (fixed by Matsumura, 1917), Yamataphis oryzae Mats. 

Genus TOXOPTERA Koch. 

Plate VI, DD, EER. 

1857. Toxroptera Koch, Die Pflanz. Aphiden, p. 253. 

1891. Ceylonia Buckton, Ind. Mus. Notes, v. 2, p. 35. 

Koch’s genus was erected for his aurantiae, a well-known species on 
citrus, etc. Buckton erected his genus for a species he described as 
theaecola. Specimens of aurantiac from various regions and specimens 
of theaecola from Zehntner substantiate the placing of theaecola as a 
synonym of aurantiae. Ceylonia will then become a synonym of 
Toxoptera. Even if the two species were held to be distinct, this 
would necessarily be the case. 

Characters —Head without prominent antennal tubercles. Antennz of six seg- 

ments, armed with subcircular sensoria. Fore wings with the media once branched, 
hind wings with both media and cubitus present. Cornicles moderate in length, sub- 
cylindric, tapering. Cauda of moderate length, somewhat constricted near the base. 

Type (monotypical), Toxoptera aurantiae Koch (aurantiae Boyer). 

Genus VESICULAPHIS Del Guercio. 

Plate VII, M-Q. 

1911. Vesiculaphis Del Guercio, Redia, v. 7, p. 464. 

Characters.—Apterous form elongate; antennze short, composed of five segments and 

situated on the under side of the head. Top of head forming a ledge which extends 
out over the antennz forming an angle in front of the eye; eyes protruding. Cornicles 

large, very much swollen and curved, opening minute and flanged; cauda somewhat 

conical, rounded atthe tip. Anal plate rounded; posterior part of abdomen extending 
out over the anal plate and somewhat over the cauda. Alate form with six-seemented 
antennze armed with subcircular tuberculate sensoria. Fore wings with the media 
once branched, hind wings with both media and cubitus present. Cornicles somewhat 
slender, swollen, and slightly constricted at the tip. Cauda conical, not as long as 
the cornicles, anal plate rounded. 

Type (monotypical), Toxoptera caricis Fullaway. 

This genus is one of those peculiar genera, like Aspidaphis Gillette, 
which seem to be related to Rhopalosiphum. 
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Subdtribe CERVAPHIDINA. 

The subtribe Cervaphidina is a most interesting and peculiar one. 
The specialization is remarkable in that long processes are developed 
on the body and considerable reduction has taken place in the wings 
and antennse while no Aphis-like cauda is found. Only two genera 
are known, which may be separated as follows: 

Kery TO THE GENERA OF THE CERVAPHIDINA. 

Cornicles swollen; bedy spine-like projections not armed with teeth. ..Anomalaphis. 

Cornicles not swollen; body spine-like projections armed with teeth. ...- Cervaphis, 

Genus ANOMALAPHIS, n. gen. 

Plate VIII, D-F. 

Characters.— Body armed with elongate tubercle-like projections, particularly on 

the caudal portion; antenne five-segmented in bcth apterous and alate forms, 

armed with subcircular sensoria. Fore wings with the media once branched; 

hind wings considerably reduced, with the cubitus absent. Cornicles distinctly 

swollen; cauda and anal plate reduced. 
Type Anomalaphis comperei Pergande. 

Anomalaphis comperei Pergande, n. sp. 

Among the many descriptive notes left by Mr. Theo. Pergande are 
some recording a peculiar species from Australia. This proves to 
represent an undescribed genus in the Cervaphidina. Pergande rec- 
ognized the species as typical of a new genus to which he gave the 
manuscript name here used. He left no description of the genus 
and his notes on the species are given here exactly as he left them. 
The type is in the United States National Museum collection of 
Aphididae (Cat. No. 23065). 

Feb. 18, 1907, Rec. from Compere, a lot of Aphides, found in 1901, on Acacia and 
Eucalyptus, along the beach at Albany, West Australia, which represents a new genus 

among Rhopalosiphins, and is a most remarkable Aphid in various respects. The 
antenne, in the apterous and migratory female, are but 5-jted. while the spur is rather 

short and resembles that of Chaitophorus. The front wings are ample and reach con- 
siderably beyond the end of the body, with the third discoidal having but one fork, 

as in Schizoneura. The hind wings are very short and narrow and reach out to the 
apex of the lst vein of the anterior wings, there is also but 1 discoidal, straight, and 
near the apex of the wing. The nectaries are short, clavate, and similar to those of 
Siphocoryne, the tail appears to be wanting. The abdomen of the migrant appears 
to have been of a dusky yellowish green, with transverse rows of small, black spots or 

tubercles, and blackish sutures between the segments. The eyes are brown; antenne 

black, rather short, reaching barely to the abdomen and but 5-jointed; the two basal 
joints as usually; the 38rd joint is longest, about as long as the remaining joints together, 

including the spur, with some projecting sensoria and a few short hairs; joints 4 and 5 

are subequal in length, exclusive of the spur, and clavate, the spur is about 4 the 

length of the basal section of the joint, rather stout and blunt; the front of the 

head resembles that of Aphis. The sides of the abdominal segments are somewhat 
angulated, each angle provided with a very short, capitate, stout bristle, while at the 

posterior edge of the two segments, following the nectaries, there is a pair of long, 



GENERIC CLASSIFICATION OF APHIDIDAH. 53 

diverging, fleshy spines, with a sharp, quite-long and slender spine at the tip; the 
posterior pair longest; all of them black; the end of the body is fringed with fine and 

quite long hairs. Legs as in other Aphides. . 
The apterous females are dark brownish or grayish green above, with a somewhat fusi- 

form median, yellowish strip, broadest near the head, tapering posteriorly to a point 

and terminating in front of nectaries; the sutures of the segments, the sides and under 

side of the body are also of a yellowish color, on account of which, there is each side a 
subdorsal row of transverse, dark spots. The head and about basal half of the antennx, 

dark, dirty yellowish, the eyes dark brown. There are about 4 short and curved 
capitate hairs on the front of the head and prominent fleshy tubercles each side of the 
body, each bearing at its apex a short, capitate spine or hair, all of them growing longer 
toward the nectaries, while beyond the nectaries there are two pairs of long and slender 
fleshy tubercles, tipped with a spine, esin the migrant. <A tail could not beseen. In 

_the younger forms and pupae, the tubercles are as in the apterous female. In the 
pupae the head, prothorax, abdomen and nectaries are of a dirty yellowish color, with 
transverse rows of small, black or dusky spots on the abdomen. ‘The wing pads are 
black. 

Genus CERVAPHIS Van der Goot. 

Plate VIII, G. 

1916. Cervaphis Van der Goot, Zur Kenntniss der Blattliuse Java’s, p. 148. 

Characters.—Body armed with a series of long toothed projections; antenne of 
apterous form five-segmented, of the alate form six-segmented with somewhat oval 
sensoria. Fore wings with the media once branched; hind wings greatly reduced in 
size and lacking both the media and cubitus; cornicles elongate, subcylindric. 

Cauda and anal plate reduced. Oviparous females often winged. 

Type (fixed by Van der Goot, 1916), Cervaphis schoutcdeniae V.d. Goot. 

Subtribe MACROSIPHINA. 

The genera of the subtribe Macrosiphina may be separated at once 
from those of the Aphidina in that they have developed large antennal 
tubercles. These may assume various shapes by which the genera 
often may be separated. Considerable variation is met with alse in 
the cornicles and cauda, although as a rule the cornicies are very well 
developed. They may be either cylindrical or swollen. In one 
genus, Hyalopteroides Theo., the cornicles are very short, suggesting 
some of the genera of the Aphidina. The cauda is as a rule rather 
long. The wings are in nearly every case normal in venation. The 
different genera may be separated by the following key: 

KEY TO THE GENERA OF THE MACROSIPHINA,! 

eee Corniclesis wollen coh. a OR 82 Se aaeei Lee alee a Malle apar at USN siete Ut 2. 

Cornicles cylindrical or tapering, scarcely swollen. ................-.--- 5 

1 Since this paper was set up Takahashi (Insect World, v. 23, p. 439) has erected the following genus, 

which will fallin this subtribe. 

Genus AKKAIA Takahashi. 

Characters.—Cornicles swollen; frontal tubercles and first antennal segment with prominent projec- 

tions, Antenne of five segments. Cauda somewhat knobbed, anal plate large and projecting. 

Type (monotypical), Akkaia polygine, Takahashi, 
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Cornicles cylindrical at. base and extremity; abruptly swollen in middle. . 

Rhopalosiphoninus. 
Cornicles with the swelling gradual... 2.2.22... case wee cen nsecene eee cs is 

Head with a large central process on verteX-..-..-.....-2cececeee ees Francea. 

SEPOAiCE AT CELUI ES os ct eee 5 cavachs a Shn ng SR Gem haces Sai chee ere a reo eee 4, 

Antennal tubercles large and diverging. ..--.-........2222--00eeeeee nese 5. 

’ Antennal tubercles converging; head and basal antennal segments with 

Wer prominent capitate ais. cas se ceomeect cc to eee ee Capitophorus. 

Cornicles much longer than cauda which is somewhat tapering. .Amphorophora. 

ane tee Hrgee eae one ate eee Se eS om re Megoura. 

Cornicles very small, much smaller than the long, broad cauda..Hyalopteroides. 

Cornicles as long as or longer than the cauda-.--...........-..-...------- te 

Head with prominent, elongate projections to the antennal tubercles, par- 
ticularly evident in the apterous form............2...02 2. ccccenee Phorodon. 

Flead Without these..2.c:c.c-ce scien soto a uaimeawnis see sac uee toaster ee 8. 
Mtibercles strongly: Cony erein os a eecte wots weer cicie ce ssa ee lee cre eee Myzus. 

Tulbercles:distinctly diveroine sf 2222 eee eee ono eee oy 

Cornicles thick, about as long as the cauda which is large and somewhat 
GONSiTICLed: HEA base. me oe een ne ee ee ee Macrosiphonella. 

Cornicles very long, rather slender, subcylindric, somewhat tapering...... tO 

Cauda elongate, constricted near base....-...........-02--ee eee ee Macrosiphum. 
Cauda moderate or elongate, not constricted near base. ...............-- jale 

First antennal segment and abdominal segments with long fingerlike tuber- 
ciosan hea pierous fomnl sk: [oe tA See oe een Acanthaphis. 

WW4tHOUL LRGEOs 45220 a 0 ee le et ce ed Se Oe eee Illinoia. 

Genus ACANTHAPHIS Matsumura. 

Plate VII, R-U. 

1918. Acanthaphis Matsumura, Trans. Sapporo Nat. Hist. Soc., v. 7, pt. 1, p. 15. 

The genus Acanthaphis Mats. is somewhat related to Phorodon. 

Characters.—Head with prominent diverging antennal tubercles. Antenne of six 
segments, first segment with a long fingerlike projection in the apterous form. Corni- 

cles long, slender, and cylindrical. Cauda elongate, conical. Dorsum of abdomen 

with long fingerlike tubercles. Body with capitate hairs. 
Type (fixed by Matsumura, 1918), Acanthaphis rubi Mats. 

Genus AMPHOROPHORA Buckton. 

Plate IV, A, B. 

1876. Amphorophora Buckton, British Aphides, v. 1, p. 187. 

1886. Macrosiphum Oestlund, Minn. Geol. Survey Rept. 14, p. 27. 

1900. Macrosiphum Del Guercio, Nuove Rel. Staz. Firenze, ser. 1, no. 2, p. 159. 

1901. Nectarosiphon Schouteden, Ann. Ent. Soc. Belg., v. 45, p. 112. 

1913. Eunectarosiphon Del Guercio, Redia, v. 9, p. 188. 

1918. Rhopalositphum Van der Goot, Tijd. voor Ent., v. 56, p. 146. 

Buckton erected his genus Amphorophora for his ampullata which 
he had secured in the apterous form only. Oecstlund gave the generic 
name Macrosiphum to a species he described as rubicola. In his sec- 
ond paper Oestlund describes a species under the name ampullata 
Buckton and says:' ‘The length of the antennex, together with the 
distinct frontal tubercles, may justify our exception of Ampho- 
rophora as a good genus.’’ In speaking of his Macrosiphum 
w———_ 

1 Bul. 4, Geol. and Nat. Hist. Surv. Minn.,, p. 77, 1887. 
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Oestlund says it may be too close to Rhopalosiphum and compares it 
with nymphaeae. But had he compared it with ampullata which he 
also included in Rhopalosiphum he would probably have found it 
quite similar, and it is the writer’s belief that Oestlund’s species is in 
reality Amphorophora. 

Finding that Macrosiphum was preoccupied Schouteden gave the 
new name Nectarosiphon to rubicola and Nectarosiphon, therefore, 
will become a synonym. In 1913, Del Guercio erected the genus 
EKunectarosiphon with rubi Kalt. as type. There appears not to be 
sufficient difference here, however. ‘The insects are in their main 
points the same and Eunectarosiphon is placed, consequently, as a 
synonym. Van der Goot in the same year used ampullata as the 
type of Rhopalosiphum. 

In 1900 Del Guercio used the name Macrosiphum for a genus 
including three species: Convolvuli Kalt., viciae Kalt., and rubi Kalt. 
He has since used both viciae and rubi as the types of other genera. 
This leaves only convolvuli in his Macrosiphum, and this species to all 
appearances is an Amphorophora. His Macrosiphum, therefore, is 
listed here under Amphorophora. 

Characters.—Head with prominent and slightly diverging antennal tubercles. 

Antenne of six segments, armed with circular sensoria. Wing venation normal. 

Cornicles long and somewhat swollen in the middle. Cauda elongate but much shorter 
than the cornicles. 

Type (monotypical), Amphorophora ampullata Buckton. 

Genus CAPITOPHORUS Van der Goot. 

Plate VIII, A-C. 

1913. Capitophorus Van der Goot, Tijd. voor Ent., v. 56, p. 84. 

In the genus Capitophorus Van der Goot certain species suggest 
Rhopalosiphum in general characters, whereas others more nearly 
approach Myzus in their main characters. The capitate spines 
appear to be the best means of determining the genus. 

Characters.—Head with antennal tubercles which are not markedly prominent, 

these each with one or more prominent knobbed spines. Vertex with a central pro- 

jection on which similar spines are located. Antennz of six segments, armed with 

subcircular sensoria, the first segment with a projecting process on which one or more 

knobbed spines are located. Wing venation normal; cornicles long and slender, 

slightly constricted in the middle and somewhat enlarged toward the distal extremity. 
Cauda rather short and conical. 

Type (fixed by Van der Goot, 1913), Aphis carduinus Walker. 

Genus FRANCOA Del Guercio.1 

1917. #rancoa Del Guercio, Redia, v. 12, p. 201. 

The genus Francoa Del Guercio appears very close in some respects 
to Capitophorus but on account of the peculiar frontal tubercle and 
the structure of the first antennal segment it is held to be distinct. 

1It seems doubtful if this genus is distinct from Capitophorus. We have been unable to make a careful 
study of the type. 
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Characters.—Head with antennal tubercles present. Vertex with a prominent rec- 
tangular process, both the antennal tubercles and the frontal process armed with 
knobbed spines. Antenne of six segments, the first segment lacking the process and 

capitate hairs of Capitophorus. Cornicles rather slender and swollen near the distal 
extremity. Cauda elongate, somewhat conical. 

Type (monotypical), Francoa elegans Del Guercio. 

Genus HYALOPTEROIDES Theobald. 

1916. Hyalopteroides Theobald, The Entomologist, v. 49, p. 51. 

The genus Hyalopteroides was erected by Theobald for his species 
pallida found in the nest of Lasius niger, Porlock Weir, Somerset. 
It bears a striking resemblance to Pergandeidia but there are no 
prominent antennal tubercles in that genus. However, there are 
slight swellings suggestive of those figured by Theobald. The writer 
has never seen specimens of pallida and therefore is unable to give a 
personal opinion. Theobald says, ‘“‘Head with marked frontal 
tubercles.”” This would place the genus as not closely related and 
pending a study of specimens it may be left thus. 

Characters.—lead with prominent antennal tubercles. Antennee of six segments 
and armed with subcircular sensoria. Cornicles subcylindric, short, much shorter 

than cauda. Cauda long and conical. 

Type (monotypical), [yalopteroides pailida Theo. 

Genus ILLINOIA Wilson. 

Plate VIII, H-J. 

1910. Jllinoia Wilson, Ann. Ent. Soc. Am., v. 3, p. 318. 

1914. Metopeurum Mordwilko, Faune de la Russie, Hemiptera, , v. 1, p. 56, 67. 

1914. Acyrthosiphon Mordwilko, Faune de la Russie, Hemiptera, v.1, p. 55, 62. 

This genus is closely related to Macrosiphum Pass. from which it 
may be distinguished by the nature of the cauda. 

Characters.—Head with prominent diverging frontal tubercles. Antennz of six 
segments armed with subcircular sensoria. Fore wings with the media twice branched, 
hind wings with both media and cubitus present. Cornicles cylindrical, sometimes 
slightly larger toward the middle which appearance is accentuated by a constriction 
often present near the distal extremity. Cauda conical, not as in Macrosiphum with 
a constriction near its base. Males usually winged, oviparous females apterous. 

Type (fixed by Wilson, 1910), Siphonophora liriodendrt Mon. 

Genus MACROSIPHONIELLA Del Guercio. 

Plate VII, R-T. 

1911. AMacrosiphoniella Del Guercio, Redia, v. 7, p. 331- 

1913. Macrosiphum Van der Goot, Tijd. voor Ent., v. 56, p. 145. 

1914. Dielcysmura Mordwilko, Faune Russ. Aphidodea, p. 56. 

The genus Macrosiphoniella was erected by Del Guercio with atrum 
Ferr.astype. In 1913 Van der Goot used Macrosiphum of Passerini, 
indicating millefolii Fab. as type. “This species can not be made the 
type of Macrosiphum Pass., and since it is essentially like atrum, V. 
d. Goot’s Mascrosiphum must become a synonym of Macrosipho- 
niella. In 1914, Mordwilko used the generic name Dieleysmura for 
millefolii and figured the species. This name then proves also to be 
a synonym. 
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Characters.—Head with prominent diverging antennal tubercles. Antenne of six 

segments armed with subcircular prominent sensoria. Fore wings with the media 
twice branched, hind wings with both media and cubitus present. Cornicles short; 
about the length of the cauda and rather thick, usually with conspicuous polygonal 

markings; cauda large, slightly constricted near the base. 
: : Type (fixed by Del Guercio, 1911), Aphis atrum Ferr. 

Gerus MACROSIPHUM Passerini. 

Plate VIII, U-W. 

1860. Macrosiphum Passerini, Gli Afidi, p. 27. 

1855. Siphonophora Koch, Die Pflanzenlatise Aphiden, p. 150. 

1887. Nectaro,.iwra Oestlund, Minn. Geol. Survey Bul. 4, p. 78. 

1913. Macrosiphon Del Guercio, Redia, v. 9, p. 188. 

In 1855 Koch used the generic name Siphonophora for this genus 
for which Passerini substituted Macrosiphum. Not aware of this 
Oestlund, seeing that Siphonophora was preoccupied, substituted 
Nectarophora and strangely enough used Macrosiphum for another 
genus in a different sense. Del Guercic uses Macrosiphon in this 
sense. 

Characters.—Head with prominent diverging frontal tubercles. Antenne of six 
segments, armed with subcircularsensoria. Fore wings with the media twice branched; 

hind wings with both media and cubitus present. Cornicles long, subcylindrical, 
mostly somewhat tapering; cauda long, somewhat constricted about the middle. 

Sexes with the male usually alate and the oviparous form apterous. 
Type (fixed by Passerini, 1860), Aphis rosae Linn. 

Genus MEGOURA Buckton. 

1876. Megoura Buckton, British Aphides, v. 1, p. 188. 

1913. Drepaniella Del Guercio, Redia, v. 9, p. 188. 

The genus Megoura Buckton is similar to Acca aeoniene in that 
prominent antennal tubercles are present. It differs, however, in 
that the cornicles are short, about equal in length to the cauda. 
Buckton erected the genus for his viciae which Schouteden con- 
sidered the same as viciae Kaltenbach. It certainly is very similar 
in every respect. 

Viciae Kalt. was set as the type of his genus Drepaniella by Del 
Guercio, therefore Drepaniella will become a synonym of Megoura. 

Characters—Head with distinct antennal tubercles. Antenne of six segments, 
armed with subcircular sensoria. Wing venation normal; cornicles moderately long 

and swollen in the middle. Cauda about the same length as the cornicles. 
Type (monotypical), Megoure viciae Buckton. 

Grads MYZUS Passerini. 

Plate VIII, L, M, X-Z. 

1860. Myzus Passerini, Gli Afidi, p. 27. 

1860. Rhopalosiphum Passerini, Gli Afidi, p. 2. 

1913. Myzoides Van der Goot, Tijd. voor Ent., v. 56, p. 84. 

1913. Ovatus Van der Goot, Tijd. voor Ent., v. 56, p. 84. 

1914. Myzodes Mordwilko, Faune Russ. Aphidoidea, p. 52. 

1914. Aulacorthwm Mordwilko, Faune Russ. Aphidoidea, p. 58. 

1916. Neomyzus Van der Goot, Zur Kennt. der Blattliuse Java’s, p. 50. 

1918. Myzopsis Matsumura, Trans. Sapporo Nat. Hist. Soc., v. 7, pt.1, p. 19. 
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The genus Myzus was erected with Aphis cerasi Fab. as type. 
In the same year Passerini used Aphis persicae Sulz. as type of 
Rhopalosiphum Koch. Aphis nymphaeae L., however, had been set 
as the type of that genus in 1856. Persicae seems to be very closely 
related to cerasi and Rhopalosiphum (Koch) Pass., therefore, is 
placed as a synonym of Myzus. 

In 1913 Van der Goot placed certain other species in Myzus and 
the type of the genus he made the type of his Myzoides. This will 
evidently then become a synonym, as it has the same type. 

In 1916 Van der Goot erected the genus Neomyzus with circum- 
flecum Buckt. as type. While the frontal tubercles of this species do 
not converge quite to the same extent as those of cerasi, they are 
quite similar and the cauda is somewhat conical as in that species. 
Neomyzus, therefore, is believed to be a synonym. Mordwilko used 
the name Myzodes with tabaci Mord. as type. This species he does 
not fully describe, but gives a figure and describes the characters of 
the genus. From the information given it appears to be a synonym 
of Myzus. The writer also believes that the genus Ovatus V. d: Goot 
is a synonym of Myzus. This genus was erected with mespili 
V.d. Goot as type. The genus Aulacorthum Mord. was erected 
with pelargonit as type. A study of this species shows the antennal 
tubercles very similar to those of cerasi. The cornicles, too, are quite 
similar, although the cauda is a little more Aphis-like. The writer 
believes this genus is a synonym. 

Characters. —Head with distinct antennal tubercles present which, particularly in 
the apterous form, project inward and are strongly gibbous. Antennz of six seg- 
ments, the first segment gibbous like the antennal tubercles, Wing venation normal. 

Cornicles rather jong and subcylindrical. Cauda somewhat short and conical, con- 
stricted very slightly, if at all. 

Type (fixed by Passerini, 1860), Aphis cerasi Fab. 

Genus PHORODON Passerini. © 

Plate VIII, N-Q. 
1860. Phorodon Passerini, Gli Afidi, p. 27. 

Characters —Head in the alate form with distinct antennal tubercles which project 
somewhat inward, first antennal segment gibbous. In the apterous form the antennal 

tubercles possess very prominent projections which extend forward in front of the 
head. First antennal segment with a projecting process. Fore wings with media 
twice branched; hind wings with both media and cubitus present. Cornicles cylin- 

drical, in the apterous form somewhat curved; cauda rather acutely conical, not as 
long as the cornicles. - 

Males as a rule winged and oviparous females apterous. 

Type (fixed by Passerini, 1860), Aphis humuli Schrk. 

Genus RHOPALOSIPHONINUS, n. gen. 

Plate IV, D-F. 

The genus Rhopalosiphoninus is erected for latysiphon Davidson, 
a species with very peculiar cornicles. It appears to be somewhat 
related to Amphorophora. 
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_ Characters —Head with prominent antennal tubercles which project inward and are 

armed with prominent spines. Antennz of six segments armed with subcircular 
sensoria and in the first segment with spines similar to those of the antennal tubercles. 

Wing venation normal. Cornicles narrow and cylindrical at the base, then abruptly 
and prominently swollen, returning again abruptly to the normal size near the tip. 

Cauda rather short and conical. 
. ; Type, Amphorophora latysiphon Davidson. 

Subtribe PENTALONINA. 

The subtribe Pentalonina is one of the Aphidini in which 
specialization in the wing venation has taken place in a peculiar 
manner. The radial sector has in one genus extended downward 
and coalesced with the upper branch of the media. In the genus 
Idiopterus the two have not become entirely fused, though in some 
specimens they have almost done so. In Pentalonia, however, the 
veims have become permanently united, and a very peculiar-looking 
venation is the result. A closed celi is formed by the radial sector 
when it meets the upper branch of the media, and when it leaves 
this again it gives a three-branched appearance to the upper branch 
of the media. The explanation of this peculiar venation is, however, 
easily understood by comparison with the venation of Idiopterus. 
In some of the genera the hind wings are greatly reduced, so that some- 
times only one vein remains, while in other genera this reduction has 
not taken place. Most of the wing veins are clouded with brownish 
borders. 

The insects feed usually upon ferns or tropical plants. 

Key To THE GENERA OF THE PENTALONINA. 

1. Hind wings much reduced in size, lacking at least the eubitus -........... 2. 

Hind wings nearly normal in size and with both media and cubitus present. 3. 
2. Radial sector of fore wing fused with the upper branch of the media, forming 

D, GOSS! Ca FE ees eS eae ee Se ee on ee Pentalonia. 
Radial sector of fore wings not so fused, but normal .............-- Microparsus. 

e',. - COUSOTEN SE G71 35100 WCE ba ee a ee ee Roce al ea ene eS Tdiopterus. 

Cornicles somewhat swollen near their distal extremities..-......--....--- 4, 

An Medtarot tore;wanes: twice branched... .._..2.22s-oeee<s+-2 deco. see Fullawayella. 
Medialoiytore:winesionce branched -..22 2.2. ...55s-cnee eee oo.n5e Neotoxoptera. 

Genus FULLAWAYELLA Del Guercio. 

1911. Mullawayella Del Guercio, Redia, v. 7, p. 462. 

1916. Micromyzus, Van der Goot, Zur Kenntniss der Blattlatise Java’s, p. 55. 

This genus is very suggestive of Amphorophora in certain ways 
but no doubt is related here. Van der Goot’s genus was erected 
with nigrum V. d. Goot as type but this species differs very little 
from kirkaldyi. 

Characters.—Antennz on prominent, converging, imbricated antennal tubercles, of 

six segments and armed with subcircular sensoria. Fore wings with the media twice 

branched and with the radical sector deeply curved toward the upper branch of the 
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media; hind wings with both media and cubitus present. Cornicles somewhat swollen 
near their distal extremities. Cauda elongate and constricted near the base. 

Type (monotypical), Macrosiphum kirkaldyi Fullaway. 

Genus IDIOPTERUS Davis. 

7 Plate VITI, EE-HH. 

1900. Jdiopterus Davis, Ann, Ent. Soc. Amer., v. 2, p. 198. 

Idiopterus, a less specialized genus than Pentalonia, is worthy of 
special note, as it givesa key to the peculiar venation of the latter genus. 
The coalescing of the radial sector and the media is here plainly 
visible and in some specimens a triangular closed cell is formed, 
although in most examples the two veins can be traced distinctly. 

Characters.—Wead with prominent antennal tubercles which project slightly in- 
wards, and are gibbous. Antenne of six segments, armed with subcircular sensoria, 

the first segment gibbous like the antennal tubercles. Cornicles subcylindric, rather 
slender, cauda somewhat elongate, conical. Fore wings with the radial sector extend- 

ing abruptly downward from the stigma and paralleling the upper branch of the 

media with which in some specimens it appears to bealmost united; hind wings with 
both media and cubitus present. 

: Type (monotypical), Idiopterus nephrolepidis Davis. 

Genus MICROPARSUS Patch. 

Plate VIII, AA-DD. 

1909. Aficroparsus Patch, Ent. News, v. 20, p. 337. 

Microparsus is at once distinguished from the other genera related 
to it by the peculiar venation and the reduction of the hind wing. 

Characters.—Head with distinct antennal tubercles present. Antenne of six seg- 

ments, armed with subcircular sensoria. Fore wings with the media once branched; 
hind wings much reduced in size and lacking both the media and cubitus. Cornicles 

subcylindric. Cauda rather long and tapering, almost equal in length to the cornicles. 
Type (monotypical), Microparsus variabilis Patch. 

Genus NEOTOXCPTERA Theobald.1 

1915. Neotoroptera Theobald, Bul. Ent. Res., v. 6, p. 131. 

This genus is closely related to Fullawayella, from which it can be 
separated by the venation. There has been some doubt whether or 
not this is a good genus, for the name will not hold if the type is found 
to correspond with Pergande’s violae, which it resembles. In that 
case Neotoxoptera would become a synonym of Fullawayella, for 
Pergande’s species is undoubtedly a Fullawayella. 

Characters.—Head with prominent antennal tubercles. Antenn of six segments, 
armed with subcircular sensoria. Fore wings with the media once branched. Corni- 

cles swollen, elongate, somewhat conical. 

Type (monotypical), Neotoxoptera violae Theo. 

1 After this paper wasin type the writer (Bul. Ent. Res., vy. 10, p. 45) showed that violae Theo. is a. 

synonym of violae Perg. 
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- Genus PENTALONIA Coquerel. 

Plate VIII, I-MM. 

1859. Pentalonia Coquerel, Ann. Ent. Soc. France, Ser. 3, v. 7, p. 259. 

The genus Pentalonia Coquerel is a very peculiar one and possesses 

a venation unlike that of any other in the Aphididae. It is, however, 

only a little further development of the condition met with in 
Idiopterus, which is the less specialized of the two genera. 

Oharacters.—-Head with prominent antennal tubercles which are, more especially 
in the apterous form, projected inward, gibbous and somewhat Myzus-like in appear- 
ance. Antenne of six segments, armed with subcircular sensoria, the first segment 
gibbous like the antennal tubercles. Cornicles somewhat constricted near their 
middle, then again somewhat swollen near their distal extremity. Caudarathersmall 

but elongate, subconical, slightly constricted about the middle. Fore wings with the 
radial sector extending abruptly downward and meeting the upper branch of the media 

with which it fuses but is diverted again toward its natural course near the tip of the 
wing. A closed cell is thus formed by the radial sector and the media but at the 
margin of the wing there are the same veins as in the Aphidini (Plate VIII, JJ.) 
Hind wings very much reduced, cubitus absent. 

Type (monotypical), Pentalonia nigronervosa Cql. 

Subfamily Il, MINDARINAE. : 
It has been the custom to consider the genus Mindarus as closely re- 

lated to the Pemphigini, but the writer is unable to do this and concludes 
that it must represent a subfamily in itself. In some ways abietunus 
is the most primitive living aphid. It is, in fact, the only one which 
has retained the general wing structure which is predominant in the 
fossil forms. It is true that the venation is more reduced than in 
some of the other subfamilies, but the type of wing in regard to the 
stigma formation is exactly like most fossil wings and unlike the 
wings of other living forms. Many of the characters suggest the 
Eriosomatinae and the genus is no doubt very similar to the ancestors 
of the insects in that subfamily. The antennal structure and general 
form are like those in the Ericsomatinae. The sexes, too, are apterous, 
but though they have developed the small apterous condition they are 
in Many ways more primitive than are the sexes of the Hriosomatinae. 
The male is small and suggests the condition in those forms. ‘The 
peculiar habit of copulation is similar, in that the male mounts the 
female and may remain there inactive for a very long period. The 
writer has observed a male of Eriosoma lanigerum clinging thus to a 
female for 48 hours. The sexes of Mindarus, however, have not 
lost the beak and the male feeds on the juices of its host. In this 
regard they are more primitive than sexes in the Eriosomatinae. 
The oviparous female, moreover, develops her ovaries and produces 
as high as 8 or 9 eggs, in striking contrast with the ovipara in the 
Hriosomatinae. It is a much less specialized condition. In regard 
to the alate form the shape of the cauda is quite different from that 
met with m the Eriosomatinae. 
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It seems to the writer that the Mindarinae give a fair idea of the 
ancestors of the Eriosomatinae and may even represent a group 
dominant in earlier times from which the Kriosomatinae sprang. 

Only one genus is represented. 

*.Genus MINDARUS Koch. 

Piate IX, A-F. 

1857. Koch, Die Pflanzenliuse Aphiden, p. 277. 

The peculiar genus Mindarus was erected by Koch with abietinus 
Koch as type. This species is the only one in the genus, although it 

has been redescribed as Schizoneura pinicola Thos. and Schizoneura 
obligua Chol. 

Characters.—Cornicles present as mere rings. Large wax plates present. Alate 

forms with six-segmented antennee armed with oval sensoria. Fore wings with the 
media once branched; radial sector inserted mesad of the long narrow stigma, thus 
giving a very long stigmal cell; hind wings with both media and cubitus present. 
Cauda rather long, not rounded, but somewhat conical or even spatulate. Sexes small 
and apterous, beaks present and feeding taking place. Oviparous female with the 

ovaries developed and laying as high as 9 eggs. Forms living free upon the twigs of 
conifers which become somewhat distorted by the feeding of the insects. 

2 
: Type (monotypical), Mindarus abietinus Koch. 

Subfamily III, ERIOSOMATINAE. 
The subfamily Eriosomatinae is composed of insects which are 

perhaps as specialized as any of the Aphididae. They show a re- 
markable development of the habit of gall formation and in this 
respect parallel the Hormaphidinae. The insects of that subfamily, 
however, evidently have developed the habit independently. Many 
previous authors have placed all of these forms in the present sub- 
family. This, the writer believes, is incorrect, as shown by the biol- 
ogies of the insects. The sexual forms give a true understanding of 
the relationships and of the genera which should be included in the 
Eriosomatinae. All of the forms included by the writer show evi- 
dence of a common origin in that the sexes have become degenerate. 
They have become small apterous forms and have lest the mouth parts 
and the ability to takefood. That this was not their original condition 
is clearly shown by the history of the family and also by the fact that 
the sexual forms of some species have a beak when born, but lose this 
at the first moltmg. Other species even at the time of birth are devoid 
of all but a rudimentary trophictubercle. The reproductive system 
of the female has become greatly altered. As previously pointed 
out by the writer, the early development of the reproductive system 
of the sexual female corresponds exactly to that in the apterous forms 
and to that of the oviparous forms of the more primitive groups. 

Young embryos * * * show that the ovaries are at first similar to those of the 

parthenogenetic form. There may be distinguished the four chambers on each side 

containing egg cells and nutritive cells. In later embryos most of the egg tubes are in 
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the process of degeneration and only two ovaries, one on each side, develop. Oithese 

one finally degenerates and the egg of the other grows until it fills almost the entire 
body and the insect appears to be little else than egg." 

It will be seen at a glance that such a method of egg development 
is entirely different from that met with in members of the genera which 
have been heretofore placed in the subfamily. The Hormaphidini and 
the Thelaxini, as will be seen under the discussion of those tribes, 
have sexual females which develop normal ovaries and lay several 
eges in the same way as do the Aphidini, Lachnini, and other groups. 
It is true that some have developed gall formation and highly special- 
ized, wax-secreting organs, but this is more of a parallelism than a 
close relationship, as is indicated by the sexual forms. The wax- 
secreting organs of the Eriosomatinae vary considerably in structure. 
A study of those in the genus Eriosoma has been presented by the 
writer (1915). The glands here are compound, each cell containing a 
central wax chamber into which the wax is secreted and from which 
it is forced out as a fine waxen thread. In other genera the wax 
glands take on the nature of plates, illustrated in the genus 
Prociphilus. These glands are essentially the same in general struc- 
ture as are those in Ericsoma, but the wax cells are placed very 
close together and are so extremely elongate that their openings to the 
surface are very small. A large number of these gives the appearance 
of a more or less uniform plate. The structure, however, in the two 
genera follows the same lines. 

The wing venation in this subfamily presents as great a reduction 
as in any of the subfamilies of the Aphididae and in this respect it is 
comparable to the Hormaphidinae. In the fore wings the reduction 
_is shown in the media which is never branched more than once. Dr. 
Patch has pointed out the homologies of the veins and has indicated 
that in all of these cases the branches represent M,,. and Ma4,. 

In some cases, however, it would appear as if they were M, and M,. 
In other genera the media is indicated as a single vein. The radial 
sector is in nearly every case present and the cubitus and first anal 
are prominent veins. The tracheae are figured for the subfamily 
under the genus Eriosoma. In the hind wings the radial sector is 
always present and two oblique veins are nearly always found. 
These are the media and the cubitus. In several genera, however, 
the cubitus has disappeared and only the media remains as the one 
transverse vein in the hind wings. 

The cornicles in the genera of this subfamily are not prominently 
developed. Indeed, they are absent altogether in certain of the 
tribes. In the genus Eriosoma they are chitinized rings slightly 
elevated on shallow hairy cones. The opening of the cornicles is 
closed by a muscle and from the cornicle a narrow duct leads to a 

1 Baker, A.C. The woolly apple aphis. U.S. Dept. Agr., Off. of Sec., Rept. 101, p. 43. 1915. 
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large wax reservoir. The structure of the cornicles themselves in this 
subfamily is essentially the same in all genera where they are present. 
In a large number of genera, however, the wax reservoir is absent 
and in some specialized tribes the cornicles are likewise absent. Itis 
interesting to note that in some genera, though absent in the stem 
mother, they are present in the alate forms, 

The habit of gall formation is not found equally in all genera 
and it would seem that those forms which have become associated 
with ants have not developed this habit to the same extent as have 
some of the other groups. However, it must be borne in mind that our 
knowledge concerning the species associated with ants is very incom- 
plete, and the writer is convinced that many of the Prociphilini will 
be found during their summer generations in this relation. Many 
of the forms Gause true galls which are the result of outgrowths 
of the plant and which completely enclose the insects. Sometimes 
the stem mother lives in a gall by herself while in other cases the 
following generations live with her. The original spring gall is usually 
the result of the activities of the young stem mother. Certain species 
do not produce true galls but form pseudogalls which are due to the 
rolling or ecrumpling of the leaves on which the insects feed. Other 
species, again, especially during their summer generations, feed on the 
twigs or roots of plants and give rise to excrescences by their 

feeding. It often happens that species which in their spring forms 
are gall makers, attack plants in this way in their summer generations. 
Others live on the roots of grasses during these generations and do- 
not cause the excrescences produced by those species feeding on trees 
and woody shrubs. 

The association with ants is highly developed by one tribe of this: 
subfamily, although all of the other tribes are to a degree tended by 
these insects. The species of the Fordini live exclusively in the nests 
of ants or are tended by them, and they are cared for very carefully 
in return for the honeydew excreted. Ants also attend species which 
have aerial feeding habits and they may be seen carrying the root 
generations of species of Eriosoma from one place to another and 
even distributing them about on the trees. Indeed the writer once 
took advantage of the presence of ants to infest some apple seed- 
lings. A vial of apterous insects was emptied at the base of each 
tree and the ants soon could be seen running about carrying the © 
aphids to suitable positions on the trees. Sometimes, however, they 
carried them away. 
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Key To THE TRIBES OF THE ERIOSOMATINAE. 

1. Cornicles present, at least in the alate forms; however, often mere rings.... 4, 
‘Cisiheivel yas! il ofsleran ps AS Sane ee ees ey eee Soe i oe eae ae ee ie Ce eS Ze 

2. Forms living in true galls or in pseudogalls on plants.....-......---------- By 

Forms living in the nests of ants or at least subterranean, feeding on the 
roots of plants; wax-secreting areas present; antennz of alate forms rather 

short and thick with somewhat oval sensoria...........-.----------- Forp1nt. 

3. Forms living in true galls and without wax plates prominently developed 
on the head and thorax of alate form; wax-secreting areas present but not 

prominently developed. Alate forms leaving the gallsin the late summer or 
PilleerAmtennss with annular'sensora-pte sss. Jas. 222 Jo eh. MELAPHINI. 

Forms living in pseudogalls, occasionally in true galls. Antenne of alate 

form rather long and slender, with narrow or somewhat oval or rounded 

sensoria. Wax plates well developed and present on the head and thorax 
of the alate forms which leave the galls in the spring. .......--- PROCIPHILINI. 

4. Forms living in galls, pseudogalls, or free upon their host; wax glands prom- 
inently developed; antenne of alate forms armed with annular sensoria 
which almost completely encircle the segments............. ERIOSOMATINI. 

Forms living usually in true galls; wax glands present but not strongly de- 

veloped; antenne of alate forms armed with narrow, transverse sensoria, 
somewhat oval or irregular ones, or occasionally without sensoria. . PEMPHIGINI. 

Tribe ERIOSOMATINI. 

The tribe Eriosomatini is composed of insects which have more 
or less developed the habit of gall formation, which are possessed. of 
wax glands, and the antenne of the alate forms of which are armed 
usually with annular sensoria. Their typical host group is that of 
the elms. 

Characters.—Forms living in galls, pseudogalls, er free upon the twigs or roots of 

their host on which they form excrescences. Prominent wax glands present. Cor- 
nicles distinct; antenne of alate forms armed with annular sensoria which often almost 

completely encircle the segments. Sexual forms small, apterous, beakless; oviparous 
females developing a solitary egg. 

Key TO THE GENERA OF THE ERIOSOMATINI. 

1. Media of the fore wings of alate form once branched ........-...-----.---. 3: 
Wediatoistie alate form simplest ita. vei) je tt hk Zh 

2. Hind wings with both media and cubitus present............--..... Gobaishia. 

Hind wings with only the media present.....-..--..--.---.------ Tetraneura.! 
3. Hind wings with both media and cubitus present............-.....- Eriosoma. 

Hind wangs with only the: media present....--2 2-22. .2-o.-- 2200 een eee nn ee 4, 
4. Stem mother with four-segmented antenne; antennze of alate form rather 

Biron isa nde bi Chusecas sas Meigen meen eee a stereos Ls Tee Colopha. 
Stem mother with five-segmented antenne; antenne of alate form long and 

Blender... 2.2. Sie te E 2) Miele Ara eg CUEER SEPA LAY NTO aS o 10 oy a EI ian, Sole Georgia. 

1 There is considerable evidence for separating a tribe Tetraneurini to include the genera Colopha, 
Tetraneura, and Gobaishia. 

141613°—20—Bull. 826——_5 
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Genus COLOPHA Monell. 

Plate TX, G-L. 

1877. Colopha Monell, Can. Ent., v. 9, p. 102. 

The genus Colopha was erected for ulmicola Fitch. One of the 
principal characters whereby it may be separated from Tetraneura 
is the once-branched character of the media. The two genera, how- 
ever, are very closely related. The species have the same peculiar 
structure and the same mode of life. 

Characters.—Cornicles slightly elevated rings. Stem mother with four-segmented 
antenns. Apterous form with five-segmented or sometimes six-segmented antenne. 

Wax glands present. Alate form with six-segmented antennee which are armed with 
annular sensoria partly encircling the segments. Fore wings with the media once 
branched, hind wings withonly the media present. Forms making galls upon the 
leaves of trees in which the stem mother and her offspring live in company; in summer 
migrating to the roots of plants. 

Type (monotypical), Byrsocrypta ulmicola Fitch. 

Genus ERIOSOMA Leach. 

Plate IX, M-T. 

1818. Eriosoma Leach, Trans. Hort. Soc. London, v. 3, p. 60. ) 

1831. . Myzorylus Blot, Mem. Soc. Roy. Agr. et de Com. Caen., v. 3, p. 332. 

1837. Schizoneura Hartig, Jahresb. ti. d. Fortschr. d. Forstwiss, und forstl. Naturk., v. 1, p. 645. 
1848. Mimaphidus Rondani, Nuovi Annali della Scienze Naturali, ser. 2, v. 9, p. 35. 

In 1818 Leach erected his genus in a footnote in connection with a 
paper read by Mosley. ‘The paper was published in 1818. In 1819 
Samouelle published his ‘‘Useful Compendium” and on page 232 
characterized the genus Eriosoma Leach MSS. The printed copy 
of the Transactions appeared complete in 1820. . In 1824 Blot used 
the word Myzoxyle which he corrected to Myzoxyius in 1831. For 
these Aphis lanigera Hausm. was used as type. 

In 1837 Hartig erected Schizoneura and of this genus ulmi was made 
type by Passerint in 1860. This then will become a synonym. 
Corni Fab. was for a time considered the type of this genus but this 
species was not in the original genus. In 1848 Rondani used Mima- 
phidus with uimi Fab. as type, which according to Passerini is the 
same as lanuginosa Hartig. Therefore, this genus will become a 
synonym. 

Characters.—Cornicles distinct rings on somewhat elevated tubercles. Apterous 
form with six-segmented antenne. Stem mother with five-segmented antenne. 
Wax plates present in the apterous and alate vivipara. Alate form with six-seg- 
mented antennse armed with annular sensoria. Fore wings with the media once 
branched, hind wings with both media and cubitus present; cauda and anal plate 
rounded. Forms living in gall-like formations or causing excrescences on their hosts. 
Sexual forms small, apterous, beakless. Only one egg of those of the oviparous female 

develops. 

Type (monotypical), Aphis lanigera Hausmann. 
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Genus GEORGIA Wilson. 

Plate IX, U-Z. 

1911. Georgia Wilson, Can. Ent., v. 43, p. 64. 

The genus Georgia appears to be related to Colopha Mon., and yet 
many of the characters are so like those of Eriosoma that the insect 
suggests that genus also. Especially to the species /. americanum 
Riley there is a striking resemblance. Prominent wax glands are 
lacking but these are sometimes also lacking in the spring forms of 
Eriosoma. 

Characters.—Cornicles present and situated on shallow hairy cones as are those of 
Eriosoma. Stem mother with five-segmented antenne; alate form with six-segmented 
antenne which are armed with narrow sensoria that do not encircle the segment to 
any extent. Fore wings with the media once branched, hind wings with only one 
oblique vein. Cauda rounded. Prominent wax pores such as those present in 
Eriosoma lacking, but small wax areas present. 

Forms living in pseudogalls on plants, the alate individuals piers from the 
galls in the early spring. 

Type (monotypical), Georgia ulmi Wlsn. 

Genus GOBAISHIA Matsumura. 

Plate X, A~G; XI, V. 

1909. Byrsocrypta Tullgren, Arkiv f6r Zoologi, Bd. 5, no. 14, p. 182. 

1917. Gobaishia Matsumura, Synopsis of the Pemphigidae of Japan, Gifu, Japan, p. 75. 

Tullgren used the name Byrsocrypta Hal. as the name of a sub- 
genus with pallida as type, placing it under Tetraneura. He appar- 
ently overlooked the fact that Westwood had set bursarius as the 
type of the genus Byrsocrypta as will be found discussed under the 
genus Pemphigus. /Pallida is different from the species of Tetraneura, 

- inthat the cubitus is retained in the hind wing. If Colophqwis retained 
on account of the branched nature of the media in the fore wings it 

will be necessary to place pallida as typical of a genus related to 
Tetraneura. 

In 1917 Matsumura erected the genus Gobaishia with Gobaishia 
japonica Mats. as type. ‘This species was stated to be very similar to 
Teraneura alba Ratz. Tetraneura alba Ratz is the same species as 
Eriosoma pallida Haliday and the characters given for the genus are, 
therefore, similar to Tuligren’s conception of Byrsocrypta. The 
figures drown are from specimens of Pas as no japonica was avail- 
able to the writer for study. 

_ Characters.—Cornicles present, stem mother with four-segmented antenne, alate 

forms with six-segmented antenne which are armed with annularsensoria. Fore wings 
with the media usually simple; hind wings with both cubitus and media present. 

Type (fixed by Matsumura, 1917), Gobaishia japonica Mats. 
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Genus TETRANEURA Hartig. 

Plate X, H-M. 

1841. Tetraneura Hartig, Germar’s Zeitschrift fiir die Entomologie, v. 3, p. 366. 

In 1841 Hartig erected the genus Tetraneura under which he gave 
Tetraneura ulmi Lin. ? questioned thus and described. He also 
listed 7. rugicornis Hartig. One of these species was questioned 
and the other merely listed. Ulm L., however, was questioned only 
in the sense of the determination, and a good description was given 
so that it is known what insect Hartig had. 

In 1843 Kaltenbach gave a description of the genus Tetraneura 
crediting it to Hartig and described thereunder one species, Aphis ulmi 
De Geer. Aphis ulmi De Geer (1773) is the same species as Aphis 
ulmi Geoffroy (1764) but this name can not be used, since Linnaeus 
used Aphis ulmi for a different insect. This is the same insect de- 
scribed by Hartig as T. ulmi L.? and it is evident that it requires a 
new name, to which ulmi foliae is given. 

Characters.—Cornicles very slightly elevated rings, not at all prominent. Stem 

mother with four-segmented antennz; apterous form with five-segmented antenne. 

Wax glands present. Alate form with six-segmented antennze which are armed with 

narrow annular sensoria almost completely encircling the segment. Fore wings with 

the media simple; hind wings with only the media present. 
Forms living in galls and migrating in spring to otherplants. Sexes small, apterous 

and beakless. Oviparous female developing only one egg. 
Type, Tetraneura ulmifolie Baker (Aphis ulmi L. of Hartig). 

Tribe PEMPHIGINI. 

The tribe Pemphigini is composed of forms which are highly spe- . 
cialized and most of which have developed the habit of true gall 
formation. The secretion of wax also occurs but wax secreting plates 
are not developed to the extent met with in some of the other tribes 
of the subfamily. Alternation of hosts is found to occur, migrants 
leaving the galls in early spring or summer and returning in autumn. 
In some species, however, the insects do not leave the galls until the 
mothers of the sexual forms are produced. Distinct cornicles are 
present and by this character forms in some of the other tribes which 
are suggestive of the Pemphigini may be distinguished. The typical 
host group 1s Populus and the galls are normally spring galls. 

Characters.—~Forms usually inhabiting true galls and often migrating to other plants 

during the summer, Antenne of six segments in the alate form and in nearly all 

genera armed with linear, oval, or somewhat irregularly shaped sensoria. Small wax- 

secreting areas present. Sexual forms small, apterous, and beakless, the oviparous 

female developing only one egg. : 

Six genera may be included in the tribe and these genera may be 
separated by the following key: 
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Key TO THE GENERA OF THE PEMPHIGINI. 

1. Unguis of segment VI of alate form distinctly long and Aphis-like..Mordwilkoja. 
Waris shontanduintop-lken a. ate see cree ciecicate se tiwiclc tee) seas. = 2° 

Pee vicdiaronce joramchied sie 82 aise Osever ee els oh BEB Beis ok bah 3. 
edaajcimupyleser. esr fat Sine enrich 4, 

3. Antenne of alate form usually without secondary sensoria. Wings flat 
t FIVE TREYONGISTS eM I Pa Sha 25 A 2 a Phloeomyzus. 

Antenne of alate form with secondary sensoria. Wings not flat in repose 

eer PO I Gn) facie ase eg econ UL NS Ad apa ekal dl et eKel oi oyen oy are) Ube 

AQ EB otnymedia and cubitus present in hind’ wine!) lls lyel2 5222258258. e222- 5. 

Oneromlique vem onlyimvhimd: wing 5) 222s Nee ee SI Dryopeia. 

5. Antenne of alate form without secondary sensoria. Wings flat in repose 
se eae eee ONS Sin cccia ie crete drial operas Aes aperyste Siske Ss Rhizoctonus. 

Antenne of alate form with secondary sensoria. Wings not flat in repose. .. 6. 

6. Antenne of alate form rather short and thick. Stem mother with four-seg- 
MH eMbe CO MAIILe TUM coy Wyte ee eee ta Veer? CNT RITE ORAL SEA Seto Un Pemphigus. 

Antenne of alate form rather long and slender. Stem mother with five-seg- 

mented antennz.............. EATS STEERER UR SSE se A HO) Cornaphis. 

Genus CORNAPHIS Gillette. 

Plate X, N-T. 

1913. Cornaphis Gillette, Ann. Ent. Soc. Am., v. 6, p. 491. 

The genus Cornaphis was erected by Gillette for his species Corna- 
phis populi. In his description it is stated that the genus is closely 
related to Asiphum. In Cornaphis, however, there are large corni- 
cles in the alate form and in other respects it seems that the genus is 
closely related -to Pachypappella. In that genus, however, the 
media is once forked, whereas in Cornaphis it appears to be simple, at 
least as a rule. This difference has led the writer to retain a genus 
with lactea as type rather than to place that species and similar 
ones in Cornaphis. 

Characters.—Cornicles present; stem mother with five-segmented antenne and 
without wax plates. Alate form with six-seemented antennz armed with rather 
nalrow sensoria; permanent sensoria ciliate. Fore wings with the media simple, hind 
wings with both media and cubitus present; wax plates present in the apterous form; 

sexes small, apterous and beakless; the oviparous female developing only one egg. 

Forms living in galls, the stem mother and the following forms living in the same 
gall. 

Type (monotypical), Cornaphis populi Gill. 

Genus DRYOPEIA Kirkaldy. 

Plate X, U-Y.— 

1857. Endeis Koch, Die Pflanzenliuse Aphiden, p. 312. 
1889. _Hudcis Ashmead, Ent. Amer., v. 5, p. 189. 

1904. Dryopcia Kirkaldy, The Entomologist, v. 37, p. 279. 

1917. Watabura Matsumura, Synopsis of the Pemphigidae of Japan, p. 89. 

In 1857 Koch erected his genus Endeis with two species, bella 
Koch and rorea Koch. 'This name was replaced by Dryopeia in 1904 
by Kirkaldy, and bella has been definitely placed as the type. 
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In some respects the genus is suggestive of Anoecia, although it 
seems to be undoubtedly a2 Pemphiginid and will no doubt be so 
proven by the sexual forms. 

In 1917 Matsumura erected his genus Watabura with Watabura 
nishiyae Mats. as type. This species was stated to resemble a Pem- 
phigus, excepting that the antennal segments are somewhat different 
and only one oblique vein is in the hind wing. (Two obliques are 
shown in his PI. XJJ, 9). The antenne are armed with narrow trans- 
verse sensoria and there seems little doubt that this genus is a syno- 
nym of Dryopeia. It is noteworthy that the life history of the type 
species is not known, but it is thought to live on the roots of trees. 
The type of the genus Dryopeia is a root feeder. 

Characters. —Cornicles present, situated on broad shallow cones, suggestive of those 

of Anoecia. Stem mother unknown, apterous forms with six-segmented antenne. 
Alate forms with six-segmented antennze, armed with narrow transverse sensoria. 
Fore wings with media simple, hind wings with one oblique vein. Summer forms 
subterranean, living ontherootsof plants. Spring formsand sexesunknown. Apter- 
ous tarsi one-segmented, 

Type (fixed by Kirkaldy, 1906), Endeis bella Koch. 

Genus MORDWILEOJA Dei Guercic. 

Plate XT, A-G. 

1909. Mordwilkoja Del Guercio, Rivista Patol. Veget., v. 4, p. 11. 

This genus was erected in 1909 for the peculiar species Byrsoerypta 
vagabunda Walsh. This differs in the antenne quite remarkably 
from all of the other species belonging to this tribe. The difference - 
is in the long unguis of the sixth segment. However, the other char- 
acters and the four-segmented nature of the antenns of the stem 
mother seem to place it with little doubt in the Pemphigini. 

There has been some doubt cast by Oestlund on the determination 
of Walsh’s species and this has led Cockerell to propose the name 
oestlundi for the species now known so weil, but, as Gillette has 
pointed out, Walsh evidently accepted the insect of Riley and Monell 
as the same species as his vagabunda. The insects Riley had were 
undoubtedly the species we know and the writer therefore accepts 
vagabunda and the generic name Mordwilkoja. The genus was 
erected with the name vagabunda used as type and not oestlundi. 

Characters.—Cornicles present as somewhat elevated rings. Stem mother with four- 
segmented antenne, the unguis of segment VI slender and Aphis-like. Permanent 
sensoria ciliate. Alate form with five-segmented antennz which are armed with 

narrow transverse sensoria. Fore wings with the mediasimple, hind wings with both 

media and cubitus present. 

Forms living in galls; the stem mother and her offspring living in the same gall, the 
alate forms leaving the galls in spring or early summer, Sexes unknown, but no 
doubt small, apterous, and beakless, 

ype (monotypical), Byrsocrypta vagabunda Walsh. 
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Genus PACHYPAPPELLA, n. n. 

Plate XI, H-M. 

1909. Pachypappa Tullgren, Arkiv for Zoologi, Bd. 5, no. 14, p. 69. 

In 1854 the genus Pachypappa was erected by Koch with marsu- 
 pialis and vesicalis in the genus. A study of marsupialis shows that 
this species is in reality a Pemphigus as it shows all the characters of 
this genus. Tulleren, 1909, noted this and therefore interpreted the 
genus differently. Marsupialis had, however, been set as the 
type of the genus. Pachypappa Koch, therefore, becomes a syno- 
nym of Pemphigus, and Pachypappa Tullgren must receive a new 
name for which Pachypappella is here given. 

Characters.—Stem mother without cornicles but with wax plates; antennz five- 
segmented. Alate form with cornicles; antennz six-segmented and with transverse 
sensoria. Fore wings with media once branched, hind wings with both media and 
cubitus present. 

Type (present designation), Pachypappa lactea Tullgren. 

-Genus PEMPHIGUS Hartig. 

Plate XI, N-U. 
1837. Pemphigus Hartig, Jahresb. u. d. Fortschr. d. Forstwiss. und forstl. Naturk., v.1, p. 645. 
1839. Byrsocrypta Haliday, Ann. Nat. Hist., v. 2, p. 190. 

1840. Brysocrypta Westwood, Int. Mod. Class. Ins., Synopsis, v. 2, p. 118. 

1847. Aphioides Rondani, Nuovi Annali Sci. Nat. Bologna (2), v. 8, p. 439. 

1857. Amycla Koch, Die Pflanz. Aphiden, p. 301. 

1857. Pachypappa Koch, Die Pflanz. Aphiden, p. 269. 

1857. Rhizomaria Hartig, Verhand]. d. Hils-Solling-Forstvereins, Jahrg. 1856, p. 52. 
1859. Tychea Koch, Die Pflanzenlatise Aphiden, p. 296. 

1885. Kessleria Lichtenstein, Mon. Puceron du Peupl., p. 16. 
1904. Hamadryaphis Kirkaldy, The Entomologist, v. 37, p. 279. 

In 1837 Hartig erected his genus Pemphigus, although it was not 
until 1841 that his reference to the genus as generally cited appeared. 
Passerini in 1860 set bursarws as type. In 1839 Haliday used the 
generic term Byrsocrypta but mentioned no species. In 1840 West- 
wood referred to this genus as Brysocrypta and gave bursaria L. 
as type. In 1859 Koch erected the genus Tychea with graminis 
Koch as type (monotypical). Schouteden (1906) has described the 

winged form of Tychea graminis Koch and stated that it is a typical 
Byrsocrypta. The writer has had no opportunity to study specimens 
but on the strength of this statement of Schouteden places Tychea 
as a synonym of Pemphigus. It is worthy of note, however, that 
Schouteden did not mention the cornicles, and this is a pomt of 
considerable difference if graminis is a Pemphigus or if it belongs to 
the Fordini. 

In 1857 Hartig described the genus Rhizomaria with piceae Hartig 
as type. This species, however, appears to be a typical Pemphigus 
and Rhizomaria will become a synonym. 

In 1857 Koch erected the genus Amycla and of this genus fuscifrons 
Koch has been made the type. The writer has been unable to obtain 
specimens of this species but from the descriptions 1t seems almost 
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certain that this species is a true Pemphigus. This will thus make 
the genus Amycla a synonym. 

In 1847 Rondani described the genus Aphioides of which bursaria 
Fab. was indicated as the type and Aphioides, therefore, is a synonym. 

In 1854 Koch erected the genus Pachypappa of which marsupialis 
Koch has been made the type. - Marsupialis, however, is a typical 
Pemphigus. Pachypappa Koch, therefore, must become a synonym. 
Tullgren (1909) used Pachypappa in a different sense, but this is 
discussed under the genus Pachypappella. 

In 1886 Lichtenstein erected the genus Kessleria for spirothica 
and this name was replaced by Hamadryaphis Kirk. in 1904. A 

study of this species, however, shows that it is a typical Pemphigus. 
Therefore, these two names will become synonyms. 

Characters.—Cornicles present; wax plates, if present, weakly developed; stem- 

mother with four-segmented antenne; alate form with six-segmented antennz which 

are armed with narrow, oval or somewhat irregular sensoria. Fore wings with the 

media simple; hind wings with both media and cubitus present. Sexes small, apter- 
ous, and beakless. Oviparous female developing only one egg. 

Forms living in galls, the stem-mother and her offspring in the same gall, the alate 

forms typically leaving the galls in the spring. 

Type (fixed by Passerini, 1860), Aphis bursaria L, 

Genus PHLOEOMYZUS Horvath. 

Plate XI, W-BB. 

1886. Zéwia Lichtenstein, Mon. Puceron Peupl., p. 37. 

1896. Phlocomyzus Horvath, Wien. Ent. Zeit., v.15, p. 5. 

In 1886 Lichtenstein erected the genus Léwia with Schizoneura 
passerinit Sig. as type but as this name had been used previously it 
was replaced in 1896 by Phloeomyzus Horvath. 

It is with some hesitation that the writer places this genus in the 
Pemphigini. In some respects it suggests the Melaphini, while 
in many respects it strongly suggests the Thelaxini or even the 
Phyllaphidina. Indeed, to the Melaphini it shows striking 
resemblances. Without a study of the sexual forms it will be very. 
difficult te place the genus definitely. All that can be done at the 
present time is to place it tentatively with the forms with which it 
appears to be related, and if further study shows this to be incorrect 
the genus can be placed definitely with its allies. 

Characters.—Cornicles present, very slightly elevated. Apterous form with six- 

segmented antenne. Alate form with six-segmented antennz which are rather 
slender and without secondary sensoria, Fore wings with the media once branched, 

hind wings with both media and cubitus present. Large wax plates present on the 

abdomen. Wings held flat in repose. 

Forms living free upon the bark of trees in colonies. 
Type (monotypical), Schizoneura passerinii Sig. 

Study based on specimens received from Mordwilko from Warsaw, 
Poland, and notes by Pergande on type specimens loaned by Horvath. 
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Genus RHIZOCTONUS Mokrzecky. 

1895. Rhizoctonus Mokrzecky, Horae. Soc. Ent. Ross., v. 30, p. 438. 

The genus Rhizoctonus was erected for ampelinus Mok., a species 
occurring on the vine. Through the kindness of H. F. Wilson the 
writer has been able to examine a slide containing alate forms. 
These, however, are in a very poor condition and it is impossible to 
determine whether or not cornicles are present. The antenne too 
are much distorted. This slide seems to indicate, however, that 
ampelinus is somewhat related to passerinii Sig., an hypothesis which 
is strengthened by the fact that both species hold the wings flat 
in repose. The genus, therefore, is placed here with some hesitation, 

Characters.—Antennee of six segments, without secondary sensoria and rather thick. 

-Fore wings with the mediasimple. Hind wings with both media and cubitus present. 
Wings held flat in repose. Cauda and anal plate rounded. 

Type (monotypical), Rhizoctonus ampelinus Mok. 

Tribe MELAPHINI. 

The tribe Melaphini is suggestive both of the Pemphigini and of 
the Eriosomatini. It is, however, quite distinct from both. The 
habits more nearly resemble those of the Pemphigini. The tribe 
is placed here but a study of the sexes may show that it really belongs 
to the Hormaphidinae. The typical host group is Rhus, and the 
galls are typically fall galls. : 

Characters.-—Gall-inhabiting forms. Cornicles absent; antenne of the alate form 

of five or six segments armed with somewhat oval or linear transverse sensoria. Sexual 
forms not known. 

The genera may be separated as follows: 

Key TO THE GENERA OF THE MELAPHAINI. 

1. Both media and cubitus present in the hind wings...................... 2: 

Only the media present in the hind wings..-.........-- cise Rabi ae eae Aploneura. 

2. Stigma of four wings pointed on distal portion and extending some distance 

; ; Melaphis. 
Stigma stopping abruptly on distal extremity .........-...2--+.-..2.--- 3. 

See ai emlce Olenive seemontey. 2.) ksh eh tate toy Te Go a sein) ke Nurudea. 

Mb SMH Hg Ol SIN SCSMENtS hay. 3214 else oe a ee ek eee a ere Pemphigella. 

Genus APLONEURA. 

Plate XII, A-E. 

1863. Aploneura Passerini, Aphididae Italicae, p. 78. 

1869. Tetirenema Derbes, Ann. des Sc. Nat. Zool. (5), v. 11, p. 106. 

1848. Baizongia Rondani, Nuovi Annali delle Scienze Naturali, v. 9, p. 35. 

The genus is distinguished quite easily from related ones by the 
venation of the hind wings, the relation of the cubitus and anal of the 
forewings, and by the structure of the antennex. The positive determi- 
nation of the insect of Fabricius may cause Anloneura to fall for 
Rondani’s name. 
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Characters. —Cornicles absent. Stem-mother with five-segmented antenne; alate 

form with the media simple, thecubitusand anal joined near their bases. Hind wings 

with only the media present, antennz of six segments, armed with large subcircular 

or elongate sensoria. Forms living in true galls. 
Type (monotypical), Tetraneura lentici Pass. 

Genus MELAPHIS Walsh. 

Plate XII, F-K. 

1866. Melaphis Walsh, Proc. Ent. Soc. Phila., v. 6, p. 281. 

1883. Schlechtendalia Lichtenstein, Stett. Ent. Zeit., v.44, p. 240. 

1905. Abamalekia Del Guercio, Redia, v. 3, p. 364. 

Walsh erected his genus for rhois Fitch, a species forming galls on 
sumach and in his discussion mentioned the Chinese gall, wonder- 
ing if it could be congeneric. The writer has recently published an 
account of the Chinese gall? and therein placed Schlechtendalia Licht. 
as a synonym of Melaphis. Del Guercio’s genus was erected with 
his lazarewi as type and placed as a thelaxine. Although the writer 
has never obtained specimens of this species he is of the opinion 
that it can not possibly be one of these insects and that it evidently 
belongs in the Melaphini where the shape of the stigma would imme- 

‘diately place it as a Melaphis. 

Characters.—Cornicles absent. Apterous form with five-segmented antenne. 
Alate form with either five or six segmented antennz which are armed with some- 

what linear or oval sensoria. Fore wings with the media simple, although sometimes 
slightly forked, distal extremity of the stigma rather long drawn out; hind wings with 
both media and cubitus present; abdomen with distinct wax plates. Forms living 
in galls from which the alate forms escape in late summer or fall. 

Type (monotypical), Byrsocrypta rhois Fitch. 

Genus NURUDEA Matsumura. 

Plate XII, L-Q. 

1917. Nurudea Matsumura, Synopsis of the Pemphigidae of Japan, p. 65. 

1917. Nurudeopsis Matsumura, Synopsis of the Pemphigidae of Japan, p. 67. 

1917. Fushia Matsumura, Synopsis of the Pemphigidae of Japan, p. 70. 

Matsumura erected his genus Nurudea for his Nurudea tbofushi, a 
species somewhat similar toa species of Melaphis. This species differs 
quite markedly, however, in the form of the stigma. At thesame 
time he erected the genus Nurudeopsis with NV. shiraii as type. This 
species differs little from ibofusht excepting in the proportions of the 
segments, and in the fact that the cubitus and first anal are some- 
what closer togetner at the base. The writer is of the opinion that 
these characters are not sufficient on which to form another genus. 
In. the same work also he erected the genus Fushia with Fushia rosea 
Mats. as type. This species differs somewhat from the type of Nuru- 
dea but the writer believes that there are not differences sufficient 
to cause this to be considered as a separate genus. The antenns 

1 Baker, A.C. On the Chinese gall (Aphididae—Hom.). In Ent. News, v. 28, p. 385-393, 1917. 
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aré more slender and of somewhat different proportions and the 
cubitus and anal of the fore wings are united somewhat at base. In 
other genera, however, this difference between species is to be found, 
and it seems wisest not to adopt it in this group as of generic im- 
portance. — 

Characters.—Cornicles absent. Antenne of five segments armed with linear or 

somewhat oval sersoria. Fore wings with the media simple, the stigma normal; hind 
wings with beth media and cubitus present. Sexes unknown. Forms making galls 

upon the leaves of plants. 

Type (fixed by Matsumura, 1917), Nurudea ibofushi Mats. 

Genus PEMPHIGELLA Tullgren. 

1909. Pemphigella Tullgren, Arkiv for Zool., v. 5, p. 171. 

1918. Dasia Van der Goot, Mem. Tud. Mus., v. 6, p. 152. 

Characters.—Corniclesabsent. Antenne of six segments armed with oval sensoria. 

Hind wings with both media and cubitus present. Sexes unknown. Species form- 
ing galls on plants. Type (monotypical), Tetraneura cornicularia Pass. 

Tribe PROCIPHILINI. 

The tribe Prociphilini contains forms which specialized in some direc- 
tions more than did the Eriosomatini. In other ways, however, they 
appear to be more primitive than certain genera of that tribe. The 
cornicles have here disappeared altogether and large wax areas have 
replaced them. In their habits of gall formation, however, the 
Kriosomatini are more advanced than are members of the present 
tribe. 

Characters.—Forms living in crumpled or twisted leaves or in a somewhat complete 

gall caused by the rolling up of the leaves of the host. Wax plates present; cornicles 

absent; antennze of stem mother of five segments; those of the alate form six segmented 

and armed with narrow, transverse, or somewhat broadly oval sensoria. 

KEY TO THE GENERA OF THE PROCIPHILINI. 

1. Media once forked, stem mother usually without wax plates .......... Asiphum. 

Media simple, stem mother with several rows of wax plates..-.......-..-- 2. 
2. Wax plates large, those on the thorax well developed, stem mother and 

offspring livin Loge ertehs Smee Mepis cht ete epeicinn Gs a aleisi maemetee Se 

Wax plates not well developed,stem mother usually in a gall by herself. .Thecabius. 
See eusorianmarrow.) limear. ciliate. 22. i. 8 ss2 00 cc. oe ee es epee Prociphilus. 

Sensoria, somewhat ovalknonciliates. 34.4645. sich oneces ace eke Neoprociphilus. 

Genus ASIPHUM Koch. 

Plate XII, R-X. 
1857. Asiphum Koch, Die Pflanzenliuse Apne p- 246. 

1859. Type fixation, (Gerttaccker, Bericht for 1857, p. 249. 

1905. Type fixation, Kirkaldy, Can. Ent., v.37, p. 418. 

The genus Asiphum was erected by Koch with two species, popult 
Fab. and lgustrinellum Koch. He listed De Geer’s work in the 
literature under populi Fab. The populi of Fabricius proves to be 
the tremulae of De Geer. Only the species ligustrinellum was placed 
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in the genus by Lichtenstein (1885) and this species has been indicated. 
as type of the genus by Kirkaldy (1905). Tremulae De Geer is a well-. 
known species but the writer has been unable to obtain ligustrinellum 
and, in fact, has been unable to learn anything definite in regard to 
the species. The followimg conception of the genus, therefore, is 
based upon tremulae De Geer in view of the fact that ligustrinellum 
appears to be unknown, and since Aphis populi Fab. was indicated: 
by Gerstaecker in 1859. 

Characters.—Cornicles absent; wax plates present in the alate forms; stem mother 

with five-segmented antenns. Allate form with six-segmented antennz which are 
armed with rather narrow transverse sensoria. Fore wings with the media once forked, 

hind wings with both media and cubitus present. Forms living in the somewhat 
crumpled leaves of their host. 

Type (fixed by Gerstaecker, 1859), Aphis populi Fab. 

Genus NEOPROCIPHILUS Patch. 

Plate XIII, A-F. 

1912. Neoprociphilus Patch, Bul. Me. Agr. Expt. Sta., no. 202, p. 174. 

The genus Neoprociphilus Patch is very close indeed to Prociphilus, 
the characters which separate it being the somewhat more oval or 
rounded sensoria and the fact that the sensoria are not ciliate. How- 
ever, in some of the species of Prociphilus, particularly in the fall 
forms, somewhat oval sensoria are met with. Jt is retained doubt- 
fully. 

Characters.—Stem mother with five-segmented antennz. Cornicles absent, large ~ 

‘wax plates similar to those of Prociphilus present. Alate form with six-segmented 
antenne which are armed with oval or subcircular nonciliate sensoria. Fore wings 
with the media simple, hind wings with both mediaand cubitus present. Sexes small, 
apterous, and beakless. Oviparous female developing only one egg. 

Forms living free upon their host, the stem mother and following generations in 

company. 
Type (monotypical), Pemphigus atienuatus O. 8. 

Genus PROCIPHILUS Koch. 

Plate XIII, G-N. 

1857. Preciphilus Koch, Die Pflanzenliuse, p. 279. 
1857. Siagonia Koch, Die Pflanzenliuse, p. 284. 

1875. Holzncria Lichtenstein, Bul. Soc. Ent. Ir. (5) v. 5, p. LXXVI. 

1917. Nishiyana Matsumura, Synopsis of the Pemphigidae of Japan, p. 90. 

In 1857 Koch erected his genus Prociphilus with three species: 
bumeliae Schrank, erraticus Koch, and gnaphalw Kalt. Later in 
the work (p. 284) he used xylostes De Geer as the type of the genus 
Stagonia. This species, rylostei, is m all respects similar to bumeliae 
and therefore Stagonia becomes a synonym of Prociphilus. In 1875 
Lichtenstein erected the genus Holznéria with poschingert Holzner 
as type.. Poschingert has been considered by many authors as the 
alternate form of bumeliae. In such case Holzneria must necessarily 
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be a synonym of Prociphilus. Should poschingeri, however, be 
proven to be a distinct species it is so similar in all regards that 
Holzneria must remain a synonym. 

In 1917 Matsumura erected the genus Nishiyana with NV. aomori- 
ensis Mats. as type, placing it close to Prociphilus. From this genus 
he separated it because of the absence of wax plates in the thorax 
and the somewhat shorter antenne. It must be borne in mind, 
however, that the specimens he had were fall migrants. Fall mi- 
grants of several species of Prociphilus show very reduced wax plates, 
and in some these are absent altogether, although distinct in the 
spring migrants. It is believed that this genus is im reality Proci- 
philus. 

Characters.--Cornicles absent, wax plates present, very large and well developed. 
Stem mother with five-segmented antenne. Alate form with six-segmented antenne 
armed with narrow transverse sensoria; secondary sensoria fringed. Fore wings with 
the media simple, hind wings with both media and cubitus present. Sexes small, 

apterous, and beakless. Oviparous females developing only one egg. Forms living 

in pseudogalls, the stem mother and her offspring together. 

Type (fixed by Gerstaecker, 1859), Aphis bumeliae Schr. 

Genus THECABIUS Koch. 

Plate XIII, O-U. 

1857. Thecabiws Kech, Die Pflanzenlause, p. 294. 

1886. Bucktonia Lichtenstein, Monogr. d. pucerons, p. 16. 

The genus Thecabius was erected by Koch in 1857 for his species 
populneus. This species proves to be a synonym of Pemphigus 
afims Kalt. In 1886 Lichtenstein erected the genus Bucktonia 
with affims Kalt.as type. Bucktonia, therefore, becomes a synonym. 

Characters.—Cornicles absent; wax plates present but not prominently developed 

as in Prociphilus. Stem mother with five-segmented antennz and rather narrow 
sensoria, secondary sensoria not fringed; fore wings with media simple, hind wings 
with both media and cubitus present. Sexual forms small, apterous, and beakless, 

oviparous female developing only one egg. 
Forms living in galls, the stem mother usually living in a gall by herself. 

Type (monotypical), Thecabius populneus Koch (=Pemphigus affinis Kalt.) 

This genus is closely related to Prociphilus and it is with some 
hesitation that the writer places it as distinct. Certain species, 
such as patch Gillette, which are undoubtedly congeneric with 
afimis, do not show the typical life habit of the stem mother living 
in a gall alone. However, the character of the sensoria and the 
undeveloped nature of the wax glands may serve to distinguish the 
genus. 

Tribe FORDINI. 

Members of the Fordini are specialized subterranean forms mostly 
living in the nests of ants. The aphids excrete honeydew, in return 
for which they are tended carefully by these insects. The apterous 
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forms generally are of a yellowish or brownish-yellow color, some- 
times a milk white. Wax-secreting plates are present but they 
are not developed to the same extent as are those of the Prociphilini. 
The cornicles are lost entirely and the region where these usually 
occur is occupied by wax plates. In some species the wax areas are 
reduced. Some species are armed with fine hairs, whereas others 
are almost entirely smooth. The eyes in the apterous forms are 
composed of three facets. The alate forms have rather short, thick 
antennee with somewhat oval sensoria. Three genera compose the 
tribe and these may be separated as follows: 

Key TO THE GENERA OF THE FORDINI. 

Antenne of the alate form composed of five segments...............22200- Forda. 

Antennz of the alate form composed of six segments.............-.-.---- 2. 
2. Sensoria of the antenne of the alate form small and scattered over most 

of the segment, a central triangular wax plate on the thorax; apterous 
form with six-segmented antenne.............--...----------2- 2 Paracletus. 

Sensoria of the antennz of the alate form larger and more evenly placed; the 

sensoria sometimes extending evenly across the segment. Apterous form 

with five-segmented antenne, sometimes with six segments present..... Geoica. 

j= 

Genus FORDA Heyden 

Plate XIII, V-AA. 

1837. Forda Heyden, Mus. Sinkbg., v. 2, p. 291. 

1841. Rhizoterus Hartig. Zeit. Ent., v. 3, p. 363. 

1849. Smynthurodes Westwood, Gardener’s Chron., p. 420, 

1896. Pentaphis Horvath, Wien. Ent. Zeit., v.15, p. 2. 
1909. Pentaphis Del Guercio, Rivist. Patol. Vegetale, n.s., v. 3, p. 332. 

1914. Rectinasus Theobald, The Entomologist, v. 47, p. 28. 

In 1837 Heyden erected his genus Forda, the type of which is 
formicaria Heyden. In 1896 Horvath erected his genus Pentaphis 
with marginata Koch as a type, while Del Guercio in 1909 used 
trivialis Pass. as the type of a genus of the same name. Specimens 
of marginata Koch from Horvath prove that this species in every 
respect is similar to the type of the genus. Pentaphis, therefore, will 
become a synonym of Forda. Likewise specimens of trivialis show 
that this species belongs in the same genus. In 1841 Hartig erected 
the genus Rhizoterus, the type of which is vacca. According to 
Lichtenstein this species is a synonym of jormicaria Heyden, and 
Rhizoterus also, then, becomes a synonym. 

In 1914 Theobald erected his genus Rectinasus with his buaton 
as type. He-based his genus on the proportions of the antennal 
segments, their length, and the length of the beak. The writei -is 
opposed to basing genera on the proportions of the antennal segments, 
for in species in which these are of different proportions a very close 
relationship is evident. This is also true of the beak. Many Ameri- 
can species taken in ants’ nests and as yet undescribed have beaks 
ranging from small to longer than the body, but they are all evidently 
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closely related. The other characters mentioned by Theobald are 
seen to be present in the type species. The tubercles he figures and 
describes are the same and the spines on the first and second antennal 
segments are evidently the thickened, pointed, chitinized articula- 
tions of the segments common in insects of this type. We believe, 
therefore, that Rectinasus should be carried as a synonym of Forda. 
Westwood’s genus was erected on his betae which appears to belong 
here as recently indicated by the writer. 

Characters.—Cornicles wanting; apterous forms with five-segmented antenne and 

eyes of three facets. Alate form with five-segmented antenne and medium-sized 

oval, or more or less irregularly shaped sensoria. Fore wings with media simple; 
hind wings with both media and cubitus present, arising slightly apart. Subterranean 

forms living usually in the nests of ants and tended by them. 
Type (monotypical), Forda formicaria Heyden. 

Genus GEOICA Hart. 

Plate XIV, A-K. 

1894. Geoica Hart, 18th Rept. State Ent. Ill., p. 101. 

1860: Tychea Passerini, Gli Afidi, p. 30. 

1906. Tycheoides Schouteden, Mem. Soc. Ent. Belg., v. 12, p. 194. 

1906. Kaltenbachiella Schouteden, Mem. Soc. Ent. Belg., v. 12, p. 194. 

1909. Trifidaphis Del Guercio, Rivista Patol. Vegetale, n.s., v. 3, p. 332. 

1912. Tullgrenia V.d. Goot, Tijdschr. voor Ent., v. 15, p. 96. 
1913. Trinacriella Del Guercio, Redia, v. 9, p. 169. 

1916. Serrataphis V.d. Goot, Zur Kenntniss der Blattliuse Java’s, p. 263. 

In 1860 Passerini used the generic name Tychea of Koch and placed 
as the typical species phascolt Pass. In 1863 he used the name 
again, listing several species but not the species included by Koch. 
Therefore his interpretation of the genus can not be correct. In 1894 
Hart erected his genus Geoica with squamosa as type. In 1906 
Schouteden noticed Passerini’s mistake and suggested the name 
Tycheoides but made eragrostidis Pass. the type. In the same year 
he erected Kaltenbachiella with menthae Schovt. as type. In the 
year 1909 Del Guercio erected Trifidaphis with radicicola Essig as 
type. In 1912 Van der Goot noted Passerini’s mistake and proposed 
the name Tullgrenia for the Tychea of Passerini. In 1916 Van der 
Goot erected the genus Serrataphis with lucifuga Zehntner as type. 

In studying cotypes and other specimens of squamosa certain 
generic characters are evident. The species is subterranean. It has 
five-segmented antennz in the apterous form and six-segmented ones 
in the alate. It is true, however, that the apterous form sometimes 
has only four segments in the antenne and the alate five. 
Indeed, in some alate forms there is a five-segmented antenna on one 
side and a six-segmented one on the other. One of these five- 
segmented antennz was figured by Hart. One wing vein only was 
figured in the hind wing by Hart, but a very close examination shows 
that both the media and cubitus, though faint, are present. These 
are very difficult to trace in balsam mounts. In giving his name 
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Tycheoides Schouteden makes plain that he is naming the Tychea 
of Passerini and yet he sets a different type. He further states: 
“Le genre Tychea est vraisemblablement destiné & desparaitre, ses 
espéces appartenant en réalité & Tetraneura ou Byrsocrypta.” He 
evidently is speaking here of the Tychea of Koch, since specimens of 
Tychea Pass. do not possess the cornicles of either of the two genera 
mentioned. 

In describing Kaltenbachiella Schouteden gives as a character the 
four-segmented antenne, etc., of the apterous form. The alate 
form he did not know, but from his description of the pupa it evi- 
dently would possess six-segmented antenne. There seems little 
doubt that this is another such case as squamosa where the apterous 
form has often four-segmented antenne, although five is the normal 
number, the alate form normally having six. Hart’s description 
-has led Schouteden astray and he places Geoica close to Forda, 
separating it therefrom by the venation of the hind wing. Consider: 
ing all of these facts there seems little doubt that Kaltenbachiella 
should be placed as a synonym of Geoica. 

Specimens of phasecoli show very similar characters in every 
respect. It is true that the antennz are somewhat longer and the 
hairs simple, but in every respect of importance the insects agree. 
The apterous form has five-segmented antenne and the alate form 
has six-segmented ones with the sensoria very similar in nature. 
The cauda also is very similar. It is evident then that Tychea 
Pass. and Tullgrenia VY. d. Goot become synonyms of Geoica Hart. 
Specimens of lucifuga Zehntner show a remarkable resemblance to 
squamosa with the exception, of course, of the squame. The apterous 
form has five-segmented and the alate form six-segmented antenne. 
In general form and structure of the caudal extremity the insects are 
the same and, therefore, Serrataphis V. d. Goot will become a syno- 
nym of Geoica. There remains, then, to discuss the genus Trifidaphis 
Dei Guercio. The cotypes of the type species show a close resem- 
blance to the eee type of squamosa. The apterous forms have 
five-segmented antenne and in ‘the alate form, as In sqguamosa, some 
forms have five pana and some forms have six. The general 
‘resemblance in other respects seems to prove that Trifidaphis is a 
synonym of Geoica. 

It should be pointed out shat the sexes described by Hart are in all 
probability not sexual forms, but immature specimens. 

In 1913 Del Guercio erected the genus Trinacriella for his new 
species magnifica. He gave a brief description stating that the 
apterous forms had five-segmented antennae and the alate forms six. 
No specimens of this species are available to the writer, but there 
seems little doubt that Trinacriella will become a synonym of Geoica. 
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Characters.—Cornicles wanting; apterous form usually with five-segmented antenneze 

and eyes of three facets. With the intermediate forms more facets may occur. Alate 
form with usually six-segmented antennee and rather large oval sensoria with distinct 
rims. Fore wings with media simple. Hind wings with both media and cubitus 
present, though these may be faint and almost obscured in balsam. Cauda large 
and somewhat rectangular or rounded. Subterranean forms living on the roots of 

plants. Sexes small, apterous, and beakless. 
. Type (monotypical), Geoica squamosa Hart. 

Genus PARACLETUS Heyden. 

Plate XIV, L-S. 

1837. Paracletus Heyden, Mus. Sinkbg., v. 2, p. 295. 

The genus Paracletus is closely related to Forda Heyden from which 
it may be distinguished by the number of antennal segments in both 
alate and apterous forms. As with other genera of this tribe the eyes 
of the apterous form consist of three facets. Intermediate forms 
often occur, however, in which the intermediate nature is indicated 
only by the eyes which have the beginnings of compound eyes, such 
as are found in the alate form. There never are, however, complete 
compound eyes. The genus was erected by Heyden in 1837. The 
species live in close association with ants. 

Characters.—Cornicles absent. Apterous form with six-segmented antennz and 
eyes of three facets; alate form with six-segmented antennze which possess many 
rather small, ovalsensoria. Fore wings with mediasimple, hind wings with both media 

and cubitus present, arising some distance apart. Thorax with a central wax plate. 
Forms living in the nest of ants and cared for by them. Sexes small, apterous, and 
beakless. In some cases only one claw is met with on the foot, while in other cases 

the normal number of two is present. This appears to be no definite character, as 
sometimes a claw is dropped from one foot and sometimes from another. 

Type (monotypical), Paracletus cimiciformis Heyden. 

Subfamily IV, HORMAPHIDINAE. 

The genera placed in this subfamily have usually been placed 
with the Eriosomatinae, or Pemphiginae, as it has been sometimes 
called. Mordwilko, however, placed these forms as his third tribe 
under the subfamily Aphidinae next to his tribe Callipterea. 
Something can be said in favor of both of these placings. In 
the first instance, the species in general form, antennal structure, 

and habit of gall formation are no doubt suggestive. of the 
Kriosomatinae. On the other hand, their structure in regard to 
cauda and anal plate is very like the Callipterina and the sexual 
forms appear to have a development of their own, although they 
are nearer in many ways to the Aphidinae than to the Eriosomatinae. 

It is the author’s belief that these forms should constitute a sepa- 
rate subfamily. It has developed the habit of gall formation 
and the sensory characters which usually accompany it, while at 
the same time it has retained in the sexual female the normal deyelop- 

141613°—20—Bull. 826-6 
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ment of the ovaries found in the more primitive groups, and has 
retained in both sexual forms the beak and the ability to feed. 
This at once suggests a different line of development from that 
taken by the Eriosomatinae, although in some of its habits the 
Hormaphidinae agrees with that subfamily. In other lines, however, 
marked differences are met with here and one of the most striking 
of these is development of aleyrodiform generations, which remain 
stationary upon the host. Such a development is never met with in 
the Eriosomatinae, although the sexual forms are much more 
specialized. 

Since many of the genera of the Hormaphidinae are gall formers, 
sensoria very similar to those met with in the Eriosomatinae are 
met with here also. Indeed the same annular sensoria found in 
the Eriosomatini are even more pronounced in the Hormaphidinae 
and the sensoria on the wing bases are prominent and often, 
numerous. 

The cornicles in the present subfamily are sometimes absent or, 
as is usually the case, reduced to mere rings. In some genera, how- 
ever, they may be elevated slightly on broad shallow cones, somewhat 
suggestive of those of Anoecia. No prominent cornicles, however, 
occur. 

In the wing venation there is often a considerable reduction 
and this shows also the specialized nature of the insects. The 
venation is comparable to that met with in the Eriosomatinae. In 
the fore wings the media is either simple or once branched, the radial 
sector, cubitus, and anal are present, but the cubitus and anal are 
often fused near their bases. In the hind wings both the media and 
cubitus are sometimes present, but often only the media remains. 

Great specialization in wax-producing organs occurs. In many 
of the forms these agree with the ones found in the Pemphigini. 
In certain aleyrodiform generations and in some sexual forms 
agelomerate glands or rather groups of small glands are seen. These 
may be arranged in different ways and often are placed about the 
margin of the insect so that it possesses a distinct lateral fringe, 
very like that of an aleyrodid. In fact some of these insects on this 
account are very often mistaken for aleyrodids. 

The sexual forms are often quite small and possess large wax- 
producing areas. Others may lack these. All, however, develop 
to normal adults. 

The habit of gall formation is very marked here. Indeed, some 
species form galls on two different species of plants, migrating 
_between the two. 

_ Characters.—Aerial forms living in galls or sometimes free upon the host. The 
_mesothorax in many forms altered so that its divisions are more or less unobservable, 

the entire mesothorax often showing as only one plate. Scalelike or aleyrodiform 
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generations often developed. Cornicles often reduced to mere ringlike openings or 

entirely absent. Sexual forms small and apterous but with fully developed beaks. 
Oviparous female laying several eggs. 

Key to THE TRIBES OF THE HORMAPHIDINAE. 

Bi Aleyrodiform generations developed ...i/)....2.).)..2bssek ee one eeee oF 
Aleyrodiform generations not developed.....-...----.-------------- OREGMINI. 

2. Cornicles absent; insects usually gall formers.........-...---..-. HorMAPHIDINI. 
Cornicles usually present; insects usually not gall formers... ..--- CERATAPHIDINI. 

Tribe HORMAPHIDINI. 

Members of this tribe are distinguished easily from those of other 
tribes in that the cornicles are absent and aleyrodiform generations 
are developed. These remain more or less quiescent upon the 
foliage. Some different forms of the species are often gall pro- 
ducers. All secrete wax from special pores. Considerable variation 

is met with in the development of the aleyrodiform generations. 
Sensoria of the alate forms are usually narrow and annular. 

Only two genera are so far recorded. 

KEY TO THE GENERA OF THE HORMAPHIDINI. 

Antennse of the alate forms composed of three segments, hind wings with 

onbyatnennediapresentm.ssuc-smte. ees Shek einah Slee hots. ee Hormaphis- 
Antenne of the alate forms composed of five segments, hind wings with both 

MC CIAIMG Cp LUsMpresemts: se 2 es TN Peel mls tell bicat Hamamelistes. 

Genus HAMAMELISTES Shimer. 

Plate XIV, T-X. 

1867. Hamamelisies Shimer, Trans. Am. Ent. Soe., v. 1, p. 284. 

1896. Tetraphis Horvath, Wien. Ent. Zeit., v.15, p. 6. 

Shimer included two species in this genus, spinosus Shimer and 
cornu Shimer. The latter species, as suspected by him, is a syno- 
nym of hamamelidis Fitch. This species has been made the type 
of Hormaphis. 

Characters.—Cornicles absent. Stem mother with four-segmented antenne. Aley- 
rodiform generations developed. Alate form with five-ssegmented antennz which 
are armed with numerous annular sensoria. Wings held flat in repose; fore wings 
with the media simple; hind wings with both media and cubitus usually present; cauda 
knobbed, anal plate bilobed; wax-secreting areas abundantly present in the 
apterous forms. Sexes small and apterous but with beaks developed, oviparous 
female laying several eggs. 

Forms living in galls upon the leaves or scale-like on the leaves or twigs. 
Type (one unquestioned species), Hamamelistes spinosus Shimer. 
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Genus HORMAPHIS Osten-Sacken. 

Plate XIV, Y-FF. 

1861. Hormaphis Osten-Sacken, Stettiner Ent. Zeit., p. 422. 

The genus Hormaphis was erected by Osten Sacken for a species 
he described as hamamelidis. This species it later proved was the 
seme described by Fitch as Byrsocrypia hamamelidis. The genus 
later was made to include spinosus Shimer, but the distinction 
between this genus and the one described by Shimer has been 
pointed out by Pergande.* 

Characters.—Cornicles absent; aleyrodiform generations developed; wax glands 

very numerous; stem mother with three-segmented antenne; alate forms with three- 
segmented antennz which are armed with distinct annular sensoria. Wings held 

flat in repose; fore wings with the media simple; hind wings with the cubitus 

absent. Sexual forms small and apterous, possessing beaks, oviparous female laying 
several eggs. 

Type (monotypical), Hormaphis hamamelidis O. 8. (Byrsocrypta hamamelidis Fitch). 

Tribe CREGMINI. 

Characters. —Forms living in galls or otherwise upon the leaves of plants, possess- 

ing cornicles and wax secreting glands. Antenne of the winged forms usually armed 
with annular sensoria; cauda rounded or somewhat knobbed, anal plate somewhat 
bilobed. No aleyrodiform generations developed. The sexual forms appear to be 
unknown. 

Kry TO THE GENERA OF THE OREGMINI. 

1. Vertex with two horn-like projections.............-.---.----...000---5-- Ze 
Vertex without such horn-like projections...............,....-.--+--2.-.-- ae 

2... “Aaipennes TVe- Beem ented... 2: .a0o lent Se ew ee eee ee ee Oregma. 

‘Amtéennes four-pepmenited -a ees ot Pes ete eee ee Ceratoglyphina. 
3. Antenne of apterous form with five segments...........--..2.----222--0-- 4. 

Antenne of apterous form with four segments........-..-.------.. Glyphinaphis. 

4, Media of fore wings once branched.......-..----.--- 22-22-22 ee ceed Astegopteryx. 
Media:ot fore wines isimplecs. © 223 hoes ee ee ge eee eee Mansakia,’ 

Genus ASTEGOPTERY&X Karsch. 

Plate XV, Q-X. 

1890. Astegopteryr Karsch, Ber. deutsch Botan. Ges., v. 8, p. 52. 

1906. Nipponaphis Pergande, Ent. News, v. 17, p. 205. 

1916. Schizoneuraphis Van der Goot, Zur Kenntniss der Blattlduse Java’s, p. 245. 

The genus Astegopteryx was erected with styracophila Karsch 
as type. Another species, nekoashi, was described by Sasaki before 
the International Congress at Brussels in 1911 and a third species, 
styraci, was described by Matsumura in 1917. It is possible, there- 

fore, to gain a fair conception of the characters. In 1906 Pergande 
erected his genus Nipponaphis with distychit Perg. as type. This 
species was stated to be from Distychium racemosum in Japan, on 

1 Pergande, T. The life history of two species of plant lice inhabiting both the witch-hazel and birch. 

U.S. Dept. Agr. Bur. Ent. Tech. Ser. no. 9. 1901. 
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which it forms galls. In 1916 Van der Goot erected his Schizoneura- 
phis with gallorum V. d. Goot as type. This species was said to 
form galls on Distylium stellare. ; 

The genus Astegopteryx can be separated as far as the recognized 
forms are concerned by the proportion of the antennal segments 
and some variation in the shape of the stigma. These differences 
are not, however, of large importance and Nipponaphis should be a 
synonym of Astegopteryx. In the same way, the type of Van der 
Goot’s genus is not sufficiently different to warrant the erection of 
a new genus and Schizoneuraphis also should beconsidered asynonym, 

Characters.—Cornicles broad rings; apterous form with five-segmented antenne; 
alate form with five-segmented antennz which are armed with annular sensoria. 
fore wings with the media once branched; hind wings with both media and cubitus 
present. Stigmal vein arising rather far back on the stigma. Cauda rounded, anal 
plate somewhat bilobed; forms living in galls. 

Sexual forms unknown. 

Type (monotypical), Astegopteryx styracophila Karsch. 

Genus CERATOGLYPHINA Van der Geot. 

Plate XV, M-P. 

1916. Ceratoglyphina Van der Goot, Zur Kenntniss der Blattliuse Java’s, p. 237. 

Characters.—Cornicles present as mere pores. Vertex with two hornlike projec- 
tions. Antenne of four segments; cauda and anal plate both rounded. Winged 
orms unknown. 

Type (fixed by V. d. Goot, 1916), Ceratoglyphina bambusae V. d. Goot. 

Genus GLYPHINAPHIS Van der Goot. 

Plate XV, H-K. 

1916. Glyphinaphis Van der Goot, Zur Kenntniss der Blattliuse Java's, p. 232. 

Characters.—Cornicles present as mere pores; antennz of four segments which are 
armed with linear sensoria. Fore wings with the media once branched; hind wings 
with both media and cubitus present; cauda knobbed; anal plate rounded; body 
covered with stout hairs. 

? Type (fixed by VY. d. Goot, 1916), Glyphinaphis bambusae VY. d. Goot. 

Genus MANSAKIA Matsumura. 

Plate XV, L. 

1917. ifansakia Matsumura, Synopsis of the Pemphigidae of Japan, p. 59. 

The author of the genus Mansakia stated that it is closely allied 
to Hormaphis, but it would appear to the writer to be related to the 
genera in the Oregmini as understood in the present classification. 
The presence of the cornicles would indicate that the genus is not 
related as closely to Hormaphis as to Astegopteryx, but its hest and 
the nature of the gall would place it close to Hamamelistes. Since 
all of the forms are not known it is impossible to state positively 
its position. 
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Characters.—Cornicles present as mere rings. Antenne of five segments armed 

with annular sensoria. Fore wings with the media simple, hind wings with two oblique 
veins. Cauda rounded, anal plate somewhat bilobed. Sexes not known. ~ 

Forms causing galls upon plants, the galls usually armed with numerous long pro- 
jections. : 

Type (fixed by Matsumura, 1917), Mansakia miyabei Mats. 

Genus OREGMA Buckton. 

Plate XV, A-G. 

1893. Oregma Buckton, Ind. Mus. Notes, v. 3, p. 87. - 

1897. Ceratovacuna Zebntner, Mededl. Proefs. Java, n. s., no. 37, p. 29. 

In 1893 Buckton established his genus Oregma with bambusae 
Buckton as type, while in 1897 Zehntner established his Ceratovacuna 
with lanigera Zehntner as type. Specimens of both of these species 
sent by Zehntner and specimens of bambusae from Green taken in 
Ceylon show that these genera must be considered the same. 

Characters.—Both alate and apterous forms with two hornlike projections on the 

vertex, wax gland areas present; antenne five-segmented, those of the alate form 
with narrow annular sensoria; cauda rounded or somewhat knobbed; fore wings with 

media twice forked, hind wings with both media and cubitus present; cornicles broad, 
slightly elevated rings. 

Type (monotypical), Oregma bambusae Buckt. 

Tribe CERATAPHIDINI. 

This tribe is closely related to the Hormaphidini but differs in that 
very distinct cornicles are here present. The apterous forms are 
scalelike and quiescent and feed upon the surfaces of the leaves. 
The alate forms possess annular sensoria. Wax secretion is abundant, 

The genera may be separated as follows: 

Key To THE GENERA OF THE CERATAPHIDINI. 

Antennee of the aleyrodiform generations of five segments . -........--4 Aleurodaphis. 

Antenne of the aleyrodiform generations of four segments .........-..---- Cerataphis. 
Antenne of aleyrodiform generations of three segments ...........-.---- Thoracaphis. 

Genus ALEURODAPHIS Van der Goot. 

Plate XVI, A-E. 

1916. Aleurodaphis Van der Goot, Zur Kenntniss der Blattliuse Java’s, p. 239. 

This genus was erected for one species occurring in Java. 

Characters.—Form flat, aleyrodiform, three distinct divisions evident; cornicles 

present as mere rings. Margin with wax secreting glands; dorsum also with many 

, small glands. Cauda rather elongate and knobbed, anal plate bilobed. Antennze 

_five-segmented; eyes of the apterous forms with three facets. 
Type (fixed by Van der Goot, 1916), Aleurodaphis blumeae V. da. Goot. 
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Genus CERATAPHIS Lichtenstein. 

Plate XVI, F-M. 

1862. Boisduvalia Signoret, Ann. Ent. Soc. France (4), v. 8, p. 400. 

1882. -Cerataphis Lichtenstein, Bul. Ent. Soc. France (6), v. 2, p. XVI. 

Signoret erected his genus Boisduvalia in connection with his 
aleyrodid monograph. He placed Coccus latamae Bois. as type. 
Later, however, he cansidered this a coecid genus. The name was 
used in the Diptera in 1830, and is therefore not available. The 
name Cerataphis used by Lichtenstein in 1882 appears as the next 
name applied to the genus. 

Characters.—Cornicles present as mere rings. Apterous form with four-segmented 
antenne and aleyrodiform, with two divisions to the body; wax glands prominent; 

vertex with two hornlike projections; alate form with five-segmented antennz, the 
segments armed with narrow annular sensoria. Fore wings with the media once 
branched, hind wings with both media and cubitus present. Cauda knobbed; anal 
plate bilobed. 

Type (monotypical), Coccus lataniae Bois. 

Genus THORACAPHIS Van der Goot 

Plate XVI, N-W. 

1916. Thoracaphis Van der Goot, Zur Kenntniss der Blattliuse Java’s, p. 242. 

Only the apterous form of one species of this genus has been 
described. Other species, however, are available for study, through 
the generosity of Professor Van der Goot. 

Characters.—Cornicles present and quite distinct, occasionally absent, however, 

in the apterous form. Apterous form with three-segmented antenne, flat and with a 
posterior lobe. Alate form with five-segmented antenne armed with annular sen- 
soria. Fore wings with the media once branched; hind wings with both media and 
cubitus present. Cauda somewhat knobbed, anal plate bilobed. 

Type (monotypical), Thoracaphis arboris V. d. Goot. 
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GENERA NOT PLACED. 

A number of genera have been described which the writer has 
been unable to place. These genera are discussed in the following 
notes. 

Genus RHIZOBIUS Burmeister. 

1835, Rhizobius Burmeister, Handbuch der Entomolozie, p. 78. 

1849. Rhizophthiridum Van der Hoeven, Handb. Dierkunde y. 1, p. 508. 

1860, Rhyzoicus Passerini, Gli Afidi, p. 30. 

1863. Rizobius Passerini, Aphididae Italicae, p. 79. 
1919. Rhizoicus Del Guercio, Redia, v. 12, p. 251. 

The genus Rhizobius has generally been considered as a good 
aphid genus and writers have referred to species in this genus as 
having but one claw to the tarsus. However, as indicated under 
Paracletus the writer believes this 1s a variable character and we 
have no definite knowledge in regard to pilosellae Burm. Buckton’s 
species of course was not in the original genus and therefore can not 
be used as type nor was it in Passerini’s conception of Rhyzoicus. 
After placing Rhyzoicus Pass. with jujubae Buckton as type, Del 
Guercio erects the genus Neorhizobius, distinguished by having two 
claws, and in which he places graminis Thos., poae Del Guercio, 
stramineus Del Guercio, and ulmiphilus Del Gierea! 

In 1866 Passerini set ‘egnehl Pass. as the type of Rhizobius Burm., 
and in a footnote suggested the name Rhyzoicus as a new name for 
Rhizobius, since this name had previously been used in the Coleoptera. 
Such procedure, however, is not allowable since soncht Pass. was not 
in the original genus. Of the two species in the original genus 
pilosellae Burm. has been accepted as type. 

Del Guercio in 1917 used the Ss name Rhizoicus Pass., 
spelling it with an ‘‘1” instead of a “‘y”’, and jujubae Buckton as 
the type. 

In the writer’s opinion the genus RKhizobius must remain unknown 
until the type species pilosellae becomes known and carefully studied. 

The name Rhizophthiridum was given to this genus to replace 
Rhizobius Burm. 

Genus NEORHIZOBIUS Del Guercio. 

1917. Neorhizobiws Del Guercio, Redia, v. 12, p. 251. 

As indicated under the discussion of Rhizcbius, four species are 
placed in this genus by Del Guercio. Three species are described 
as new and only in the apterous forms. 
Two of these forms have five-segmented antennz and one of them 

four-segmented ones, and when the alate forms are found they will 
in all probability be shown to represent species either of Forda or 
Gecica. The basing of genera upon hes relative lengths of the 
antennal segments would create a very large number of genera and 
separate related forms. The genus Neorhizobius, therefore, the 
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writer considers composed of apterous forms, which really belong in 

older and well-recognized genera, but which can not be definitely 
placed until the alate forms have been secured and studied. 

Genus SCHOUTEDENIA Riibsaamen. 

1905. Schoutedenia Riibsaamen, Marcellia, v. 4, p. 19. 

This genus, which was described for ralumensis Riib., is here listed 
as unknown. The gall formed by the species is described but the 
writer, never having been able to obtain either gall or insect, would 
be able only to guess at its position from the description. 

Genus CLAVIGERUS Szépligeti. 

Clavigerus Szépligeti, Rovaraszati Lapok, v. 1, p. 4. 

This genus was described in the only volume issued of the Journal 
cited. The writer has been unable to secure a copy or any details 
of the description given. 

ADDENDA. 

The following generic names have been employed by Mordwilko 
(Fauna Russ. vol. 1, Aphidodea) without, apparently, the mention 
of any species in connection therewith. They have not been con- 
sidered in the foregoing paper: Anameson, Aorison, Chaetosiphon, 
Corylobium, Elatobium, Huaulax, Eurythaphis, Halmodaphis, 
Impatientinum, Jaxartaphis, Nasonovia, Orobion, Paczoskia, 
Sitobium, Staticobium, Tlja, Turanaphis, Uroleucon (subgenus), 
Uromelan. The subgenera Dactynotus Raf., Cladoxus Raf., and 
Adactynus Raf., have not been considered. 
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PLATE I. 

A.—Anoecia querci, apterous form. 

B.—Anoecia querci, wings. 

C.—Anoecia querci, antenna of alate form. 

D.—Anoecia corni, fore wing. 

E.—Anoecia corni, antenna of alate form. 

F.—Anoecia corni, cornicle of alate form. 

G.—Nippolachnus pyri, fore wing. 
H.—WNippolachnus pyri, head of alate form. 

I.—Anoecia corni, head of alate form. 

J.—Nippolachnus pyri, cornicle of alate form, 
K.—Nippolachnus pyri, antenna of alate form. 
L.—LEulachnus agilis, body of alate form. 
M.—Eulachnus agilis, fore wing. 

N.—L£ulachnus agilis, antenna of alate form. 
O.—Eulachnus agilis, cornicle of alate form. 

P.—Eulachnus rileyi, head of alate form. 

Q.—Eulachnus rileyi, cornicle of alate form. 

R.—Eulachnus rileyi, segment IIT, antenna of alate form. 
‘S.—Essigella californica, body of alate form. 
T.—Essigella californica, fore wing. 

U.—Essigella californica, antenna of alate form. 

V.—Essigella californica, cornicle of alate form. 
W.—Essigella californica, head of alate form. 

X.—Essigella californica, cauda of alate form. 

Y.—Essigella californica, antenna of apterous form 
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PLATE II. 

A.—Dilachnus ponderosae, fore wing. 

B.—Dilachnus ponderosae, cornicle of apterous form. 

C.—Dilachnus ponderosae, head of alate form. 
D.—Schizolachnus tomentosus, fore wing. 

E.— Unilachnus parvus, fore wing. 
F.— Unilachnus parvus, cornicle of alate form. 

G.— Unilachnus parvus, head of alate form. 
H.—Longistigma caryae, wings. 

I.—Longistigma caryae, apterous form, 

J.—Longistigma caryae, cornicle. 

K.—Longistigma caryae, cornicle. 
L.—Longistigma caryae, antenna of alate form. 
M.—Stomaphis quercus, alate form. 

N.—Stomaphis quercus, head of alate form. 

O.—Stomaphis quercus, cornicle of alate form. 

P.—Stomaphis quercus, antenna oi alate form. 

Q.—Stomaphis quercus, cauda and anal plate. 
R.—Stomaphis quercus, pits on rostrum, 

8.—Pterochlorus roboris, wing. 

T.—Pterochlorus roboris, head of alate form. 

U.—Pterochlorus roboris, cornicle of alate form. 
V.—Pterochlorus viminalis, wings. 
W.—Peerochlorus viminalis, abdomen of alate form, 

X.—Pterochlorus viminalis, head of alate form. 



PLATE ITI, 

A.—Thelaxes dryophila, apterous form, 
B.—Thelaxes dryophila, wings. 

C.—Thelaxes dryophila, cornicle of alate form. 
D.—Thelaxes dryophila, cauda of alate form. 
E.—Thelaxes dryophila, cauda of apterous form, 

F.—Thelaxes dryophila, antenna of alate form, 
G.—Gly phina betulae, apterous form. 
H.—Glyphina betulae, wings. 
1.—Glyphina betulae, antenna of alate form. 

J.—Glyphina betulae, cornicle of alate form. 
K.—Glyphina betulae, cauda and anal plate of alate form. 

L.—Glyphina betulae, cauda and anal plate of apterous form, 
M.—Neotrama delquercioi, apterous form. 
N.—Trama troglodytes, apterous form, 
O.—Neotrama delguercior, cornicle. 
P.—Protrama radicis, apterous form. 

Q.—Protrama radicis, fore wing. 

R.—Protrama radicis, cornicle of alate form. 

S.—Protrama radicis, antenna of alate form, 

T.—Protrama radicis, tarsus of alate form. 
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PLATE IV. 

A.—Amphorophora rubi, head of apterous forn. 

B.—Amphorophora rubi, cornicle. 

C.—Amphorophora rubi, cauda. 

D.—Rhopalosipheninus latysiphon, head of alate form. 

E.—Rhopalosiphoninus latystphon, cornicle of alate form, 
F.—Rhopalosiphoninus latysiphon, cauda of alate form. 
G.—Myzocallis coryli, cornicle. 
H.— Myzocallis coryli, cauda and anal plate. 
I.—Callipterus juglandis, cornicle. 

J.—Callipterus juglandis, cauda and anal plate. 
K.—Therioaphis tiliae, cornicle. 
L.—Therioaphis tiliae, cauda and anal plate. 
M.—Monellia caryella, cauda and anal plate. 
N.—Monellia caryella, cornicle. 
O.—Chromaphis juglandicola, cornicle. 
P.—Chromaphis juglandicola, cauda and anal plate. 

Q.—LEuceraphis betulae, cauda and anal plate. 
R.—Euceraphis betulae, cornicle. 
8.—Calaphis betulella, cauda and anal plate, 

T.—Calaphis betulella, cornicle. 

U.—Calaphis betulella, fore wing. 
V.—Saltusaphis scirpus, head of apterous form. 
W.—Saltusaphis scirpus, cauda and anal plate. 
X.—Thripsaphis ball, head of apterous form. 

Y.—Neothomasia populicola, cornicle. | 
Z.—Neothomasia populicola, cauda and anal plate. 
AA.—Periphyllus negundinis, cauda and anal plate. 
BB.—Periphyllus negundinis, cornicle. 

CC.—Chaitophorus populi, cauda and anal plate. 
DD.—Symydobius oblongus, cornicle. 

EE.—Symydobius oblongus, cauda and anal plat - 
FF.—Phyllaphis fagi, cauda and anal plate. 
GG.—Phyllaphis fagi, cornicle. 
HH.—Tamalea coweni, cornicle. 

I1.—Tamalea cowent, cauda and anal plate. 
JJ.—Drepanaphis acerifolti, oviparous abdomen. 
KK.—Drepanaphis acerifolii, cauda and anal plate of alate form. 

LL.—Drepanaphis acerifolii, cornicle. 
MM.—Drepanosiphum platanoides, cornicle. 
NN.— Melanoxantherium populifoliae, cornicle. 
00 .— Melanoxantherium populifoliae, cauda and anal plate. 
PP.—Pterocomma populeus, cornicle. 
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PLATE VY. 

A.—Eutrichosiphum pasaniae, antenna of alate form. 

B.—Eutrichosiphum pasaniae, wings. 

C.—Eutrichosiphum pasaniae, cornicle of apterous form. 

D.—Eutrochosiphum pasaniae, cornicle of alate form. 

E.—L£utrichosiphum pasaniae, antenna of apterous form. 
F.—Greenidea anonae, apterous form. 

G.—Greenidea artocarpi, wings. 
H.—Greenidea artocarpi, cauda of apterous form. 

I.—Greenidea artocarpi, cornicle of apterous form, 

J.—Greenidea anonae, abdomen of alate form, 

K.—Greenidea anonae, head of alate form. 

L.—Greenideoida elongata, wings. 

M.—Greenideoida sp., head of alate form. 
N.—Greenideoida sp., cornicle of alate form. 
O.—Greenideoida sp., third antennal segment of alate form. 
P.—Greenideoida hannae, cornicle of apterous form. 

Q.—Setaphis luteus, caudal portion of apterous form, 
R.—Setaphis luteus, wings. 

S.—Setaphis luteus, head of alate form. 
T.—Setaphis luteus, cornicle of alate form. 
U.—Setaphis luteus, spine of alate form. 
V.—Setaphis luteus, cornicle of apterous form, 
W.—Setaphis luteus, antenna of alate form. 

X.—Setaphis luteus, antenna of apterous form. 
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PLATE VI. 

A.—Acaudus lychnidis, cornicle of alate form. 

B.—Acaudus lychnidis, cauda of alate form. 
C.—Anuraphis amygdali, cornicle of alate form. 
D.—Anuraphis amygdali, cauda of alate form. 

E.—Anuraphis amygdali, head of alate form. 
F.—Anuraphis carotae, cornicle and cauda of alate form. 
G.—Aphis sambuci, head of alate form. 
H.—Aphis sambuci, cornicle of alate form. 

I.—Aphis sambuci, cauda of alate form. 
J.—Brevicoryne brassicae, cauda of alate form. 
K.—Brevicoryne brassicae, cornicle of alate form. 

L.—Aspidaphis polygoni, cornicle of alate form. 

M.—Aspidaphis polygonti, cornicle more enlarged. 

N.—Aspidaphis polygonti, cauda of apterous form, 
O.—Aspidaphis polygonii, head of apterous form, 

P.—Atarsos grindeliae, cornicle of alate form. 

Q.—Atarsos grindeliae, head of alate form. 

R.—Atarsos grindeliae, cauda of alate form. 

§8.—Atarsos grindeliae, tibia of alate form. 

T.—Brachycolus stellariae, cornicle of alate form. 

U.—Brachycolus stellariae, cauda of alate form. 
V.—Carolinaia cyperi, cornicle of alate form. 

W.—Carolinaia cyperi, cauda of alate form. 

X.—Cavariella pastinacae, cornicle of alate form. 
Y.—Cavariella pastinacae, cauda of alate form. 

Z.—Cavariella pastinacae, tubercle of alate form. 

AA.—Hyadaphis xyloster, cauda of apterous form. 
BB.—Ayadaphis xylostei, cornicle of apterous form, 

CC.—Toxoptera aurantiae, head of alate form. 
DD.—Toxoptera aurantiae, cornicle of alate form. 

EE.—Tozoptera aurantiae, cauda of alate form. 

FF.—Rhopalosiphum rufomaculata, cornicle of alate form. 

GG.—Rhopalosiphum rufomaculata, head: of alate form. 

HH.—khopalosiphum rufomaculata, cauda of alate form. 
Il.—khopalosiphum nymphaeae, cornicle of alate form. 

JJ.—Rhopalosiphum nymphaeae, cauda of alate form. 

KK.—Pergandeidia ononidis, cauda and cornicle of alate form. 

LL.—Pergandeidia trirhodus, cauda of apterous form. 

MM.—Pergandeidia trirhodus, cornicle of apterous form. 

NN.—Inosomaphis berberidis, cornicle and cauda of apterous form. 

0O.—Liosomaphis berberidis, cauda of alate form. 

PP.—Cryptosiphum artemesiae, cornicle of apterous form. 

QQ.—Cryptosiphum artemesiae, cauda of apterous form. 
RR.—AHyalopterus arundinis, cornicle of alate form. 
8S.—Ayalopterus arundinis, cauda of alate form. 

_ TT.—Hyalopterus deformans, cauda of apterous form. 

UU.—Hyalopterus deformans, cornicle of apterous form. 

VV.—AHyalopterus deformans, cauda of alate form. 
WW.—Ayalopterus deformans, cornicle of alate form. 



PLATE VII. 

A,.—Siphonatrophia cupressi, apterous form. 

B.—Siphonatrophia cupressi, wings. 
C.—Siphonatrophia cupressi, antenna of alate form. 
D.—Siphonatrophia cupressi, cauda of alate form. 

E.—Siphonatrophia cupressi, antenna of apterous form. 
F.—Sanbornia juniperi, apterous form. 

G.—Sanbornia junipert, wings. 

H.—Sanbornia juniperi, antenna of alate form. 
I.—Sanbornia junipert, head of apterous form from beneath. 

J.—Sanbornia juniperi, cauda of alate form. 
K.—Sanbornia juniperi, cornicle. 

L.—Sanbornia juniperi, tarsus. 

M.— Vesiculaphis caricis, apterous form. 

N.—Vesiculaphis caricis, cornicle of alate form. 
O.— Vesiculaphis caricis, fore wing. 

P.— Vesiculaphis caricis, antenna of alate form. 
Q.— Vesiculaphis caricis, cauda of alate form. 
R.—Acanthaphis rubi, apterous form. 
S.—Acanthaphis rubi, head of apterous form. 
T.—Acanthaphis rubi, cornicle of apterous form, 

U.—Acanthaphis rubi, antenna of apterous form, 
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PLATE VIII. 

A.—Capitophorus shepardiae, cornicle of alate form. 
B.—Capitophorus shepardiae, head of alate form. 
C.—Capitophorus shepardiae, cauda of alate form. 

D.—Anomalaphis comperi, apterous form. 

E.—Anomalaphis comperi, antenna of apterous form. 
F.—Anomalaphis comperi, wings. 
G.—Cervaphis schoutedeniae, extremity of abdomen. 
H.—Illinoia liriodendri, head of alate form. 

I.—Illinoia liriodendri, cornicle of alate form. 

J.—Illinoia liriodendri, cauda of alate form. 

K.— Myzus cerasi, head of apterous form. 
L.— Myzus cerasi, cauda of apterous form. 
M.— Myzus cerasi, cornicle of alate form. 
N.—Phorodon humuli, head of apterous form. 

O.—Phorodon humuli, cauda of apterous form. 

P.—Phorodon humuli, cornicle of apterous form. 

Q.—Phorodon humuli, head of alate form. 
R.— Macrosiphonella sanborni, head of alate form. 
S.— Macrosiphonella sanborni, cornicle of alate form. 

T.— Macrosiphonella sanborni, cauda of alate form. 
U.— Macrosiphum rosae, head of alate form. 

V.— Macrosiphum rosae, cauda of alate form. 

W.— Macrosiphum rosae, cornicle of alate form. 
X.— Myzus persicae, head of apterous form. 
Y.— Myzus persicae, cornicle of alate form. 
Z.— Myzus persicae, cauda of alate form. 

AA.—Microparsus variabiiis, cauda of alate form, 

BB.— Microparsus variabilis, wings. 
CC.—Microparsus variabilis, cornicle of alate form, 

DD.—Microparsus variabilis, head of alate form. 

EE.—Idiopterus nephrolepidis, cornicle of alate form. 
FF .—Idiopterus nephrolepidis, fore wing. 

GG.—Idiopterus nephrolepidis, head of alate form. 

HH.—Idiopterus nephrolepidis, cauda of alate form. 

II.—Pentalonia nigronervosa, head of apterous form. 

JJ.—Pentalonia nigronervosa, wings. 
KK.—Pentalonia nigronervosa, cauda of alate form. 

LL.—Pentalonia nigronervosa, head of alate form. 

MM.—Pentalonia nigronervosa, cornicle of alate form. 

101 



Puate IX, 
A.— Mindarus abietinus, wings. 

B.— Mindarus abietinus, fore wing showing trachex, 
C.— Mindarus abietinus, cauda of alate form. 

D.— Mindorus abietinus, antenna of alate form. 
E.— Mindarus abietinus, abdomen of pupa. 

F.— Mindarus abietinus, cornicle of alate form, 

G.—Colopha ulmicola, antenna of alate form. 

H.—Colopha ulmicola, antenna of stem mother. 
I.—Colopha ulmicola, wings. 

J.—Colopha ulmicola, apterous form. 

K.—Colopha ulmicola, antenna of apterous form. 
L.—Colopha ulmicola, antenna of apterous form. 
M.—Eriosoma lanigerum, apterous form. 

N.—Eriosoma lanigerum, wax plate, 

O.—Eriosoma lanigerum, wax reservoir. 
P.—Eriosoma lanigerum, fore wing. 

Q.—Eriosoma lanigerum, wing pad showing tracheze. 
R.—Eriosoma lanigerum, cornicle. 
S.—Eriosoma lanigerum, antenna of alate form. 

T.—FEriosoma lanigerum, oviparous female, showing egg. 
U.— Georgia ulmi, antenna of alate form. 

V.—Georgia ulmi, wings. 

W.—Georgia ulmi, distal segment of antenna of alate form, 
X.—Georgia ulmi, cornicle of alate form, 

Y.—Georgia ulmi, cauda and anal plate of alate form. 
Z.—Georgia ulmi, head of alate form, 
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PLATE X. 

A.—Gobaishia pallida, antenna of alate form. 
B.—Gobaishia pallida, antenna of stem mother. 
C.—Gobaishia pallida, wings. 
B.—Gobaishia pallida, abdomen of alate form showing cornicle. 
E.—Gobaishia pallida, fore wing. 
F.—Gobaishia pallida, abdomen of pupa. 

G.—Gobaishia pallida, distal segment of antenna of alate form from above, 
H.—Tetraneura ulmifoliae, antenna of alate form. 
i.—Tetraneura ulmifoliae, antenna of stem mother. 
J.— Tetraneura ulmifoliae, antenna of apterous form. 
K.— Tetraneura ulmifoliae, wings. 

L.— Tetraneura ulmifoliae, wings showing trachee. 
M.—Tetraneura ulmifoliae, cauda and anal plate. 
N.—Cornaphas populi, stem mother. 

O.—Cornaphis populi, antenna of stem mother. 
P.—Cornaphis populi, wings. 

Q.—Cornaphis populi, cornicle of alate form. 
R.—Cornaphis populi, antenna of alate form. 
S.—Cornaphis populi, fore wing. 
T.—Cornaphis populi, head showing horn. 
U.—Dryopeia bella, apterous form. 

V.—Dryopeia bella, wings. 
W.—Dryopeia bella, antenna of apterous form. 

X.—Dryopeia bella, antenna of alate form. 
Y.—Dryopeia bella, cornicle of apterous form. 
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PLATE XI. 

A.— Mordwilkoja vagabunda, stem mother. 
B.— Mordwilkoja vagabunda, antenna of stem mother, 
©.—Mordwilkoja vagabunda, antenna of alate form, 
D.— Mordwilkoja vagabunda, wings. 

E.—Mordwilkoja vagabunda, thorax of alate form. 
F.— Mordwilkoja vagabunda, cauda of alate form, 

G.— Mordwilkoja vagabunda, cornicle of alate form, 
H.—Asiphum sp. stem mother. 
1.—Asiphum sp. antenna of stem mother. 
J.—Pachypappella vesicalis, wings. 

K.—Pachypappella vesicalis, cornicles and cauda of alate form. 
L.—Pachy pap pella vesicalis, antenna of alate form. 
M.—Pachypappella vesicalis, Wax plate. 

N.—Pemphigus bursarius, antenna of stem mother. 

O.—Pemphigus bursarius, wings. 
P.—Pemphigus bursarius, antenna of alate form. 
Q.—Pemphigus bursarius, antenna of alate form. 
R.—Pemphigus bursarius, antenna of stem mother, 
§.—Pemphigus bursarius, wax plate. 
T.—Pemphigus bursarius, cornicle of alate form. 

U.—Pemphigus populicaulis, antenna of stem mother, 
V.—Gobaishia ulmifuscus, antenna of stem mother, 
W.—Phlocomyzus passerini, apterous form. 

X.—Phloeomyzus passerini, antenna of apterous form. 
Y.—Phloeomyzus passerini, Wings. 
Z.—Phloecomyzus passerini, antenna of apterous form, 
AA.—Phlocomyzus passerini, antenna of alate form. 
BB.—Phloeomyzus passerini, wax plate. 
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PLATE 2X01; 

A.—Aploneura lentici, apterous form. 

B.—Aploneura lentici, antenna of apterous form, 
C.—Aploneura lentici, antenna of alate form, 
D.—Aploneura lentici, wings. 

E.—Aploneura lentici, abdominal wax plate. 
F.— Melaphis rhois, antenna of apterous form. 

G.—Melaphis rhois, antenna of alate form. 
H.— Melaphis rhois, wings. 
I.— Melaphis rhois, abdomen of alate form. 

J.— Melaphis rhois, antenna of alate form. 
K.— Melaphis chinensis, fore wing. 
L.—Nurudea ibofushi, wings. 
M.—Nurudea ibofushi, antenna of alate form, 

N.—WNurudea shiravi, wings. 
O.—Nurudea shiraii, antenna of alate form. 

P.—Nurudea rosea, fore wing. 

Q.—Nurudea rosea, antenna of alate form. 
R.—Asiphum tremulae, stem mother, 
S.—Asiphum tremulae, antenna of stem mother, 

T.—Asiphum tremulae, antenna of alate form. 
U.—Asiphum tremulae, wings. ° 
V.—Asiphum tremulae, abdomen of alate form, 

W.—Asiphum tremulae, wax plates. 
X.—Asiphum tremulae, antenna of apterous form, 



PLATE XITT. 

A.—Neoprociphilus attenuatus, forewing. 

B.—Neoprociphilus attenuatus, antenna of alate form. 
C.—WNeoprociphilus attenuatus, segment V of antenna of alate form. 

D.—Neoprociphilus attenuatus, antenna of apterous form. 

E.—Neoprociphilus attenuatus, antenna of male. 

F.—Neoprociphilus attenuatus, antenna of oviparous female. 
G.—Prociphilus bumeliae, antenna of alate female. 

H.—Prociphilus bumeliae, antenna of stem mother. 
I.—Prociphilus bumeliae, wings. 

J.—Prociphilus bumeliae, abdomen of alate form. 

K.—Prociphilus bumeliae, thoracic wax plates. 

L.—Prociphilus bumeliae, head wax plates. 

M.—Prociphilus xylostei, thoracic wax plates. 
N.—Prociphilus bumeliae (poscheringi), thoracic wax plates. 

O.—Thecabius affinis, antenna of stem mother. 
P.—Thecabius affinis, antenna of alate form. 

Q.—Thecabius affinis, wings. 

R.—Thecabius affinis, thorax of alate form. 

S.—Thecabius affinis, head wax plates of stem mother. 
T.—Thecabius affinis, abdominal wax plate. 
U.—Thecabius affinis, abdominal wax plates of stem mother. 

V.—Fforda sp., apterous form. 

W.—Forda olivacea, antenna of alate form. 

X.—Fforda trivialis, antenna of alate form. 

Y.—Forda marginata, antenna of alate form. 

Z.—Forda olivacea, fore wing. 

AA.—Forda formicaria, antenna of apterous form. 
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PLATE XIV. 

A.—Geoica squamosa, apterous form. 
B.—Geoica squamosa, antenna of alate form. 7 

C.—Geoica squamosa, eye of apterous form. 

D.—Geoica squamosa, wings. 
E.—Geoica squamosa, caudal extremity of apterous form. 

F.—Geoica squgmosa, squama. 
G.—Geoica squamosa, four-segmented antenna of apterous form. | 
H.—Geoica phaseoli, antenna of alate form. 

I.—Geoica phaseoli, antenna of apterous form. 

J.—Geoica radicicola, antenna of alate form. | 

K.—Geoica lucifuga, antenna of alate form. | 

L.—Paracletus cimiciformis, apterous form. | 

M.—Paracletus cimiciformis, eye of apterous form. 

N.—Paracletus cimiciformis, intermediate eye. 
O.—Paracletus cimiciformis, median thoracic wax plate of alate form. 

P.—Paracletus cimiciformis, foot of alate form with one claw. 

Q.—Paracletus cimiciformis, antenna of apterous form. 

R.—Paracletus cimiciformis, forewing. 

S.—Paracletus cimiciformis, antenna of alate form. 

T.—Hamamelistes spinosus, hibernating apterous form. 

U.—Hamamelistes spinosus, wings. 

V.—Hamamelistes spinosus, cauda and anal plate of alate form. 
W.—Hamamelistes spinosus, antenna of alate form. 

X.—Hamamelistes spinosus, portion of same, more enlarged. 

Y.—Hormaphis hamamelidis, wings. 
Z.—Hormaphis hamamelidis, antenna of alate form. 

AA.—Hormaphis hamamelidis, antenna of stem mother. 

BB.—Hormaphis hamamelidis, apterous form. 

CC.—Hormaphis hamamelidis, antenna of apterous form. 

DD.—Hormaphis hamamelidis, cauda and anal plate of apterous form. 

EE.—Hormaphis hamamelidis, dorsal wax pores. 

FF.—AHormaphis hamamelidis, cauda and anal plate of alate form. 
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PLATE XV: 

A.—Oregma lanigera, apterous form. 

B.—Oregma lanigera, antenna of alate form. 

C.—Oregma lanigera, cauda and anal plate of alate form. 

D.—Oregma lanigera, wings. 
E.—Oregma lanigera, end of abdomen of aptcrous form. 
I’.—Oregma lanigera, antenna of apterous form. 

G.—Oregma bambusae, head of apterous form. 
I.—Glyphinaphis bambusae, apterous form. 

I.—Glyphinaphis bambusae, antenna of apterous form. 
J.—Glyphinaphis bambusae, cornicle of apterous form. 

K.—Glyphinaphis bambusae, cauda and anal plate. 

L.— Mansakia miyabei, wings. 

M.—Ceratoglyphina bambusae, apterous form. 

N.—Ceratoglyphina bambusae, cauda and anal plate. 

O.—Ceratoglyphina bambusae, cornicle of apterous form. 

P.—Ceratoglyphina bambusae, antenna of apterous form. 
Q.—Astegopteryx distychit, antenna of alate form. 
R.—Astegopteryx distychit, fore wing. 

8.—Astegopteryx distychii, anal plate of alate form. 

T.—Astegopteryx distychii, cauda of alate form. 

U.—Astegopteryx distychii, end of abdomen. 
V.—Astegopteryx styracophila, fore wing. 

W.—Astegopteryx gallarum, fore wing. 

X.—Astegopteryx gallarum, tip of antenna of alate form. 
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PLATE XVI. 

A.—Aleurodaphis blumeae, apterous form. 
B.—-Aleurodaphis blumeae, antenna of apterous form. ° 
C.—Aleurodaphis blumeae, dorsal wax pores. 
D.—Aleurodaphis blumeae, margin. 

E.—Aleurodaphis blumeae, cauda and anal plate. 
I’.—Cerataphis lataniae, apterous form. 

G.—Cerataphis lataniae, wings. 
T.—Cerataphis lataniae, cauda and anal plate of apterous form. 

I. — Cerataphis lataniae, antenna of apterous form. 

J.—Cerataphis lataniae, antenna of alate form. 
K.—Cerataphis lataniae, anal plate of alate form. 

L.—Cerataphis lataniae, cauda of alate form. 
M.—Cerataphis lataniac, head of apterous form, central view. 

N.—Thoracaphis arboris, apterous form. 

O.—Thoracaphis arboris, antenna of apterous form. 

P.—Thoracaphis arboris, cauda and anal plate of apterous form. 

Q.—Thoracaphis jicus, antenna of apterous form. 

R.—Thoracaphis ficus, extremity of abdomen, apterous form. 

S.—Thoracaphis castaneae, wings. 

T.—Thoracaphis castaneae, distal segment of antenna of alate form. 
U.—Thoracaphis castaneae, cauda and anal plate of alate form. 
V.—Thoracaphis castaneae, cornicle of alate form. 

W.—Thoracaphis castaneae, antenna of alate form. 
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Contribution from the Bureau of Animal Industry 
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THE CUT-OVER PINE LANDS OF THE SOUTH 
FOR BEEF-CATTLE PRODUCTION. 

By F. W. Fartey and 8. W. GREENE, Animal Husbandry Division, Bureau of 

Animal Industry. 
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In the summer of 1917 the Bureau of Animal Industry, United 
States Department of Agriculture, in cooperation with the Missis- 
sippi experiment station, established at Collins, Miss., a branch beef- 
cattle experiment station to determine practical methods to follow 
in growing beef on cut-over pine lands. Soon after the station was 
established and plans for the work were put under way it was 
realized that, before further experiments were conducted, more defi- 
nite information should be obtained concerning the resources and 
possibilities for beef-cattle production on cut-over pine lands. 

S. W. Greene, who was in charge of the work at Collins, was de- 
tailed by the Bureau of Animal Industry to make a survey of the 
“Piney Woods” region and collect information along these lines. 
The data collected by Mr. Greene are included in this publication. 
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Later, the station was transferred from Collins to McNeill, Miss., 

where the work is to be conducted on a broader scale than was 

possible at Collins. 

EXTENT OF THE CUT-OVER LANDS. 

The cut-over pine lands of the South lie within the area known 
as the Coastal Plain. This section is spoken of locally as the “ Piney 

Woods.” It includes the southeastern portion of South Carolina, 
most of Florida, the southern parts of Georgia, Alabama, and 
Mississippi, the central and northern parts of Louisiana, and parts 
of southeastern Texas and of southern Arkansas. At present the 
total area is estimated at 100,000,000 acres and is being increased 
about 10,000,000 acres annually, as additional land is cut over. One 
company alone in Louisiana requires a cut of 80 acres daily to supply 
its mills. It is estimated that ultimately the area of the cut-over 
lands will reach 250, 000,000. acres. 
A bare statement of figures does not readily present the vastness 

of such an area. When comparisons are made the cut-over lands 
appear as a veritable empire. The area represents an acreage more 
than halt that of the State of Texas, or equal to the combined acreage 
of Georgia, Alabama, and Mississippi. Much of all this great area 
is unused and unproductive. 

The sandy soil of sedimentary origin which constitutes the Coastal 
Plain is the natural habitat of the long-leaf yellow pine (Pinus palus- 
tris), which once covered the territory with a heavy growth to the 
exclusion of practically all other timber, except on the alluvial land 
along streams, which is forested with hardwood trees. This species 
of pine is of first importance to the naval-stores industry, as it 1s 
the main species in the United States that is tapped for turpentine. 

Long-leaf pine also makes a very high grade of lumber, and since 
the late nineties lumbering has superseded all other industries in the 
section mentioned. In 1909 the cut of southern yellow pine was 36.6 
per cent and in 1913 it was 38.7 per cent of the entire cut of all 
species of the country. 

Because of the immense scale of lumbering operations the land has 
been rapidly denuded of the timber, and as practically all timbered 
lands were in the hands of lumbermen whose interest was in the 
timber, the lands remained as the woods crews left them—covered 
with stumps and strewn with crowns, unmerchantable logs, and small 
timber. Little thought was given to their future development’ as 
agricultural or grazing lands. In other words, the cut-over con- 
dition of the lands is a by-product of lumbering. With the end 

+ Bureau of Crop Estimates and Forest Service, U. S. Department of. Agriculture. 
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of lumbering operations in sight, with increasing taxes on the non- 
productive land, and with no market to assimilate the oversupply, 
the owner of such lands was presented with an acute problem which 

resolved itself into the question of letting the land revert to the State 

3 ial 

COMYMERCYAL DISTRIBUTION OF LONGLEAF FINE SHORT-LEAF FINE AREA ON COASTAL PLAIN SOLS 
\\\ eS 
WK CG 

Q 

Wp APEA TO WHICH THIS BULLETIN: APPLIES 
Fig. 2.—General distribution of long-leaf pine, showing approximately the area 

covered in this bulletin 
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for taxes, putting the land to some productive use, or developing it 
until it would be desirable for agricultural purposes and could be 
sold. 

In many cases land did revert to the States for taxes, but lumber- 
men began to realize that large portions of their lands had an agri- 

cultural value. They also realized that their lands required develop- 
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ment either to make them productive or to demonstrate their value 

and place them in a form so that they would be assimilated as farms 
on a large scale.’ However, considerable raw cut-over land is being 
sold to settlers. 

Increasing interest in the development of cut-over lands was re- 
sponsible for the “Cut-Over Land Conference of the South,” which 
was held at New Orleans, La., in April, 1917. More than 400 large 
landowners and agricultural experts, both State and Federal, were 
present at the meeting. That the utilization of cut-over lands in the 
near future depended largely upon the use of grazing animals was 
the consensus of opinion. The meeting also brought out the fact 
that very little definite information was available concerning the 
possibilities of the region for cattle production. 

The map, figure 2, shows the area discussed in this report. The 
shaded portions represent the approximate commercial distribution 
of the long-leaf yellow pine. The heavily shaded portion indicates 
the area in which the larger part of the land is unused cut-over land 
and the region to which this report particularly applies. The shaded 
portion in Arkansas is forested with shortleaf pine but lies within 
the Coastal Plain, and the soils and conditions are similar to the 
upper Coastal Plain region east of the Mississippi River. 

SURVEY OF THE CUT-OVER LANDS. 

OBJECTS AND PLAN OF PROCEDURE. 

The survey of the Piney Woods region, herein reported, was made 
to secure first-hand information as to the resources and possibilities 
of the cut-over pine lands of the South for beef-cattle production and 
was undertaken with the following points in view: — 

1. To determine the status of the beef-cattle industry. 
2. To determine the adaptation of the region for the production 

of beef cattle. 
38. To determine what recommendations for improvement of 

present conditions should be made. 
4. To determine what experimental ‘work with beef cattle is 

needed. 
A study was made of available literature pertaining to the Piney 

Woods, including soils, crops, grasses, forage, and experimental work 
with beef cattle. The agricultural colleges were then visited and 
with their cooperation an itinerary was mapped out for trips of in- 
spection to the farms of the principal cattlemen, lumber companies, 
and development associations in the Piney Woods of Arkansas, 
Louisiana, Mississippi, Alabama, Georgia, and Florida. Typical un- 
developed tracts and virgin forests were also visited in the different 
States. In addition questionnaires were mailed to all county agents, 
all owners of pure-bred beef cattle, so far as lists were available, and 

all the larger lumber companies. 
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STATUS OF THE BEEF-CATTLE INDUSTRY. 

NUMBER AND VALUE OF CATTLE. 

Table 1 shows the number of cattle other than milk cows for 

1910, and for the last 4 years in the 6 States included in this report. 

TABLE 1.—Number and value of cattle other than milk cows in States with large 
areas of Piney Woods.* 

Number Jan. 1— 
; ‘ Census, | Value per 

State. Apr.15, | head Jan. 

1920 1919 1918 1917 TOLD Seren raoane 

GOOG. 2sck see aes aes 771, 000 763, 000 727, 000 686, 000 666, 000 $27. 20 
Florida.... 945, 000 936, 000 891, 000 865, 000 611, 000 27.30 
Alabama... 842, 000 851, 000 760, 000 534, 000 534, 0CO 22.90 
Mississippi - 716, 000 708, 009 644, 000 575, 000 580, 000 23. 50 
Louisiana... - c 725, 000 690, 000 600, 000 525, 000 510, 000 29. 30 
IAT ANSAS Soi 2y tars sco eials te slate ate 691, 000 678, 000 640, 000 560, 000 599, 000 24. 40 

otal senses. sehen ae 4,690,000 | 4,626,000 | 4,262,000 | 3,745,000 | 3,500,000 295.77 

1 Figures for 1910 are taken from the Census report; other figures from Bureau of Crop Estimates, U.S. 
Department of Agriculture. 

2 Average. 

This table presents some interesting points relative to the size 
and growth of the cattle industry and the values of cattle. The 
figures given are for the entire States, but the points brought- out 
by the table are pertinent as applied to the Piney Woods sections. 
It will be noticed that the increase in the number of cattle during 

the last three years has been rapid as compared with the total 
increase from 1910 to 1916. The year 1910 marked the beginning of. 
greater interest in the beef-cattle industry. About this time the 
menace of the boll weevil to the one-crop system of cotton farming 
turned attention-to live stock. The growth from that time has been 
steady. The growth has been more rapid in the last four years 
because more area has been freed from ticks, and higher prices have 
been paid for cattle. 3 

Although the cattle industry is growing rapidly, the number of 
cattle is proportionately far below that of other cattle-producing 
States and is only a fraction of the possibilities. . 
On January 1, 1920, the number of cattle in the States named was 

about one-ninth the total number for the United States, but their 

value was only one-sixteenth of the total value. The average value of 
cattle per head for the six States at that time was $25.77, while the 
average value per head for the six leading cattle States, viz, Texas, 
Nebraska, Iowa, Kansas, Missouri, and Minnesota, was $44.27. The 
difference in price indicates the difference in size and quality. 
The fact that the Piney Woods region produces cattle of such 

relatively small value is due to a number of factors, the chief ones 
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being the character of the agriculture, the occupation of lumbering, 

and the cattle tick. 
The character of the agriculture of the Piney Woods region has 

had considerable effect on the number of cattle produced. Like 

other portions of the South, the section followed largely a one-crop 

system, growing cotton for a cash crop, and neglecting the raising 

of winter feeds and the saving of hay. Clearing the land of stumps 

was the main difficulty in preparing land for cultivation, and such 
small areas as were cleared were planted to cotton, sugar cane, pea- 
nuts, and sweet potatoes, grass being fought as a deadly enemy. 
From the middle nineties until the present time the lumber indus- 

try has overshadowed all others; considerable numbers of the people 
turned from farming to lumbering as an occupation, and farms were 
often neglected. Lumbering did not diminish the area of grazing 

lands, but the quality of the ranges deteriorated. With the removal _ 

of the virgin pine a thick undergrowth of scrub oak or young pine, 
depending upon the kind of soil, rapidly covered the land; “ down ” 
timber left from logging covered much of the ground and fires 
became more destructive, destroying most of the “switch” cane, on 
which the cattle depended for winter grazing, and preventing the 
spread of desirable pasture plants. The chief demand for cattle 
during this time was for work oxen. 

As large tracts-of the cut-over sections are owned by lumber 
syndicates and sawmill companies which have been interested chiefly 
in the timber value of their lands, efforts have been made in rela- 
tively few instances toward agricultural development. The cut-over 
lands were left open and were used for grazing the native cattle, but 
_the system was not one that would induce large operations or en- 

courage the entrance of outside cattlemen. 
The cattle tick has not only been responsible for large losses of cat- 

tle, but the quality of the cattle produced in ticky territory and the 
necessary restrictions placed on their shipment have affected the mar- 
ket for cattle from these sections to such an extent that there was 
no inducement for greater production. Before the Revolutionary 
War, restrictions were placed on southern cattle being driven into 
the Northern States, as it had become known that they carried a dis- 
ease which was fatal to northern cattle and which afterwards became 
known as Texas fever. 

Even under such adverse conditions considerable numbers of cattle 

were maintained and in many cases they furnished the chief source of 
income. Prior to the building of the sawmills, the Piney Woods 
region was frequently referred to as the “cow country.” With the 

disappearance of the sawmills in cut-over sections, interest in farm- 

ee 
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ing has revived during the last few years, and following the eradi- 
cation of the cattle tick there has been a rapid increase in the number 

of cattle. 
Widespread use of the velvet bean for winter forage and feed has 

done more to increase the number of cattle than any other factor 

except tick eradication. In many sections cattle have been increased | 
solely for the purpose of utilizing the enormous crops of velvet 
beans, which could be marketed in no other way. 

SIZE AND QUALITY OF CATTLE. 

The native Piney Woods cattle are of very inferior quality, small 
in size, of poor conformation, and are what the feeder would term 
“cold blooded,” as they do not respond readily to feed. Although 
these cattle are compact and show a good dressing percentage when 
fattened and slaughtered, the weight is too much forward, and there 
is a small percentage of valuable cuts. Mature cows average about 
400 or 500 pounds, and steers from 38 to 5 years old average from 
600 to. 750 pounds. 

The following table shows the average live weight of cattle 

slaughtered at Jacksonville, Fla., New Orleans, La., and East St. 
Louis, UL, during 1918: 

TABLE 2.—Average weight of cattle slaughtered at three markets in 1918. 

| East St. Louis, 
: = 

hea . ; | Jacksonville New Orleans, | 
Class of cattle. | Fla. > | ion BI Tl. 

Pounds. Pounds. Pounds. 
(Ofan ota Yeahs) ae heh eee ee Pe fa By 462 525 730 
Ginter eaatees gees a hae ane el eaten a aks ot 462 600 | 745 
Maturesteerse 02. -. aes 222 eee ee ee (2) 750 | 1, 000 

1 Very few mature native steers slaughtered and no separate record kept. 

Table 2 furnishes an interesting comparison of the weights of 
Florida cattle and those of cattle of the Piney Woods farther west 
with cattle received at East St. Louis, one of the larger markets for 
cattle from a large territory. Canners and cutters at Jacksonville, 
Fla., were nearly 100 pounds lighter than at New Orleans and more 
than 200 pounds lighter than at East St. Louis. Few native steers 
were slaughtered at Jacksonville, but they were at least 300 to 350 
pounds hghter than those at East St. Louis, or 150 pounds hghter 
than at New Orleans. 

The greatly increased interest in better cattle is shown by the 
fact that out of 65 head of pure-bred Hereford cattle sold at public 
auction at the Kansas City Royal Show in 1918, 18 head were from 
Piney Woods herds. That most of the cattle went to northern breed- 
ing herds, whence the original stock came, is evidence of their merit. 
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The theory, which has had wide circulation in the South, that 
the small size and poor quality of native cattle in general are due 
to lack of feed and care and not to heredity or breeding, is con- 
trary to the established laws of heredity. Such a theory if given 
general credence would greatly retard the improvement of the cattle 
through the introduction of improved blood. 

The foundation stock of the native cattle was probably early 
Spanish importations and the original cattle themselves were small. 
They have remained small and of inferior quality, principally be- 
cause of failure to make good selection and to introduce better blood. 
Proper use of feed and care is no doubt a very important factor 

in the development of the individual, but the size and quality ac- 

Tl'ig. 3.—Native ‘‘ Piney Woods” steers in the feed lot. 

quired through feeding are not transmitted to the offspring and no 
continued improvement can be made by feed and care alone without 
selection and the use of improved blood. However, the fact that 
no continued improvement can be made in the size or quality of 
cattle through the influence of feed and care alone is not an argu- 
ment for not caring for the native cattle, as feed is the most impor- 
tant factor in developing the individual. Certainly the native cattle 
may be made to weigh much more by proper feeding, but can not 
be made to approach the weight of improved cattle raised under 
the same conditions. 

The argument often advanced that pure-bred animals put under 
the same conditions as the native cattle will rapidly deteriorate into 
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scrubs is not true, so far as heredity is concerned, for they will 
transmit the power to respond to feed and will far surpass the 
scrub if given proper feed and care. In other words, the pure- 
bred animal has been developed through long-continued breeding 
and selection to intensify the quality of responding to plentiful feed 
and converting it into meat of the most value, and that quality has 
become a fixed characteristic. 

If a pure-bred or grade animal is kept under the same conditions 
to which the native cattle have been subjected, all the inherent 
advantage of responding to feed will be lost in that individual for 
the time being, as it will be subjected to an environment to which 
it is entirely unsuited and to which the native cattle have adapted 
themselves through generation after generation of natural selection 
and the “survival of the fittest.” It is necessary that the native 
cattle should be hardy animals, and were it not for the powerful 
influence exerted by heredity to maintain the offspring true to the 
ancestors and not to the individual, the strain of native cattle would 
have run out long ago because of the ravages of the cattle tick, 
lack of feed, breeding immature animals, and inbreeding. 

Prior to the Civil War large plantation owners took pride in their 
cattle and brought in pure-bred bulls, mostly Devons and Short- 
horns. The steers with Devon blood were prized as work oxen, 
on account of their endurance and easy-keeping qualities. Traces 
of the Devon blood may still be seen in many of the native cattle. 
Brahman blood was also introduced along the coast, and some native ~ 
cows are found showing Brahman characteristics. For a good many | 
years very little improved beef blood was introduced. Considerable 
numbers of Jersey bulls were brought in, however, and when crossed 
with the native cows produced animals inferior to the native for 
beef purposes. 

The cattle tick has had a far-reaching effect on the native cattle. 
Cattle heavily infested with ticks have been lowered in vigor and 
vitality to such an extent that they have not been able fully to 
utilize the grazing. When infested with ticks through the summer 
the cattle are in poor condition to stand the hard period of the 
winter months when grazing is scarce. This is especially true of 
young animals which are badly handicapped during the first 2 
years of growth. It is not uncommon in a ticky country to see a 
yearling calf so emaciated from ticks as to go down when driven 
and be unable to stand even when assisted to its feet. 

Further, with no provisions for winter feed, native cattle are 
forced to go through a period of semistarvation each year and dur- 
ing that time they lose a large part of the gains made in the more 
favorable grazing season, This system is particularly hard on 
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young cattle during their first 2 winters, and they become so stunted 
that it requires 1 or 2 years longer tosreach mature size than it 
would if they were suppled feed for continuous growth. A grow- 

ing animal subjected to such annual periods of semistarvation takes 
much longer to reach mature size. The experience may be so 
rigorous as seriously to affect its health and vigor. Then, again, 
this period of semistarvation comes at a time when cows are heavy 
with calf, and as a result calves are not so strong when dropped 

as they would be if their dams were in good condition. 
Cows are left to wean their calves and it is not uncommon to see a 

cow suckling a yearling. No separation is made of heifers and bulls, 
and as a result the former are allowed to “take up” and drop calves 
when under age and undersized. Breeding immature heifers seri- 
ously retards their growth and final development, and there is con- 
siderable evidence that the continuation of such a practice will 
eventually reduce the size of the animals in a herd. Under such a 
system there has been continual inbreeding, but the comparative 
effect of inbreeding on size and quality no doubt has been over- 
emphasized in many cases. Inbreeding tends to intensif¥ bad points, 
but it also intensifies desirable points, and possibly the intensification 
of the hardiness of the animals has offset any bad effects under natu- 
ral selection. 
“Topping ” or selecting the best cattle for sale instead of culling 

has tended to decrease size and quality. This practice has been fol- 
lowed especially in Florida, where for a great many years the bulls 
were “topped” for export to Cuba for fighting purposes. It has 
had a very marked effect on the native cattle of Florida, as they are 
noticeably smaller and of a quality inferior to those of other sec- 
tions of the Piney Woods to the north and west. 

WORK ACCOMPLISHED IN IMPROVING NATIVE CATTLE. 

The greatest step leading to the improvement of the native cattle 
has been the eradication of the cattle tick. In ticky country the im- 
portation of a pure-bred bull from tick-free territory is almost sure 
to be followed by death from tick fever, on exposure to native cattle 
or open pasture. Following the local county and State-wide dipping 
of cattle, the danger of death from tick fever is practically elimi- 
nated. The eradication of the ticks has also greatly improved the 
thrift of the native cattle and allows better utilization of the pastures. 

_ The cattle tick has been a great handicap and the advantages of its 
eradication could be enumerated at great length. It is sufficient to 
say that the tick is disappearing rapidly and the beneficial results 
are being demonstrated and recognized. 

Although the value of pure-bred bulls for improving the native 
cattle was generally recognized, their number has increased slowly. 

_— 
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Few men in each county owned sufficient numbers of cows to in- 
duce them to purchase a bull and only the most progressive men 

have been purchasers. 

Before the introduction of pure-bred bulls, improvement by se- 
lection was usually a negative quantity, the cow herds being topped 
for market. Where grading up with good bulls is now being prac- 
ticed, however, the selection of the cow herd has been given con- 
sideration and the herds are being culled each year instead of topped. 

With more attention to farming, methods of management have 

been improved, especially in the matter of providing winter feed 
and forage. Since the introduction of velvet beans practically all 
farmers are providing winter forage. Better management in other 
respects usually has resulted from the introduction of better blood. 

x 

NATIVE CATTLE FOR FOUNDATION HERDS. 

Men familiar with the early western ranges state that the Piney 

Woods cows are equal to or superior to the native Texas cows, from 
which a very high grade of cattle has been evolved. That the na- 

tive cows are well adapted to grading up through the use of pure- 
bred bulls has been demonstrated in every case where a good bull 
has been used. - 

The improvement is very marked in the first cross as to uniform- 
ity in both color and type. There is a marked change in the width, 
depth, and size of bone, the first cross resulting in an animal being 
closer to the ground and more nearly the beef type in every respect. 

The hardiness of the native cattle has become fixed to such a degree ~ 

that there is little doubt that this quality is transmitted to some ex- 
tent to grade animals produced by crossing the cows with pure-bred 

bulls. 
In Louisiana 500 head of first-cross “ weaners” in one bunch were 

observed. These calves were from pure-bred Hereford bulls out of 

native cows of all colors. The calves were as uniform in color and 
type as could be desired and they had the general appearance of 
beef animals. The same results from smaller numbers were observed 
in every section of the Piney Woods. 

In Alabama one breeder has been grading up by the use of a pure- 
bred bull for the last 15 years and his herd of 178 head of grade 
Herefords now ranges from one-half to fifteen-sixteenths pure bred. 
Practically half of his herd could hardly be distinguished from 
pure breds. The records of these cattle have been followed closely. 
The yearlings now produced from high-grade cows weigh 200 pounds 
more than native yearlings under the same conditions as to pasture 
and feed. The increase in weight has been brought about by the 
continued use of a pure-bred sire and the proper selection and. culling 
of females, 

eye) 
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A Florida breeder has been grading up the native cows with pure- 
bred Shorthorn bulls for 15 years and his present herd is uniformly 
good. In his herd he has the original first-cross cow, called Old 
Blue, and her granddaughters and great-granddaughters, and the 
last could not be picked out from his pure-bred heifers. 

Like results have been obtained by other breeders with sufficient 
numbers of cattle to leave no doubt as to the value of the native cow 
for foundation herds. With proper selection and 10 to 15 per cent 
culling each year, native cows should be a valuable asset for in- 
creasing the herds. 

Vic. 4.—A grade heifer three crosses removed from a ‘‘ Piney Woods” cow. Note 

the “‘ growthy ” appearance, the scale, and size of bone. 

ADAPTATION OF CUT-OVER LANDS FOR BEEF CATTLE. 

For the economic production of beef cattle, a country must furnish 
abundant grazing, ample water supply, soils capable of producing 
cheap winter feeds or forage, and convenient transportation to mar- 

kets. These requirements may be readily fulfilled in the Piney 
Woods, yet, as pointed out later, immediate results must not be ex- 
pected. The region needs general development and even then cattle 
owners must understand local problems in handling their stock and 
growing feed before they can expect best results. 
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CLIMATE. 

In addition to the factors mentioned, the Piney Woods region 
has the advantage of a mild climate with long summers and short, 

mild winters. The average date of the last killing frost in the 
spring is March 10, and the first killing frost in the fall is after 

| 
| 

| 

EACH DOT REPRESENTS 

20.000 ACRES 

Fig. 5. Land not in farms, according to the census of 1910. 

November 11. This gives a growing season of from 220 to 240 days. 
The annual rainfall is heavy, seldom falling below 50 inches in any 
section and often reaching as high as.80 inches in some sections. 
Such a chmate permits an abundant growth of pasture plants and 
cffers a grazing season of 8 or 9 months. 

AREA IN FARMS AND GRAZING LANDS. 

Figure 5, compiled from the census of 1910, shows the land not 
in farms in the United States. Im the States under discussion the 
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black dots, each representing 20,000 acres, form a dark shading 
which follows closely the cut-over pine sections. Only 10 to 20 per 
cent of the section is in farms; and 80 to 90 per cent is range land, 
a large proportion of which has had the timber cut off. With such 
a small proportion of the land in farms it is evident that the pro- 
duction of feed must be very limited in proportion to the area of 
grazing. 

SOILS AND TOPOGRAPHY. 

The regions discussed in this report he within the great Coastal 
Plain, which borders the Atlantic Ocean and the Gulf of Mexico. 
This plain hes to the south of the highland areas of the Piedmont 
Plateau and the Appalachian Mountain and Ozark regions. It 
rises gradually from sea level inland, attaining along li interior 
border an elevation of from 400 to 600 feet. Its surface is prevail- 
ingly smooth, but there is a range from the nearly level “ flatwoods ” 
along the coast to the rolling and hilly lands bordering the southern 
extension of the Appalachian Mountain region. The drainage varies 
from poor near the coast to very thorough or excessive in the more 
rolling portions and in the areas of deep, loose, sandy soil. 

Sandy soils predominate; but there are important belts of clay 
land and silt loam, and many traversing streams include over their 
first bottoms and second bottoms strips of sandy, silty, and clay 
lands. 

In physical composition (texture) the sandy soils are of two prin- 
cipal kinds, namely, sandy soils with clay or sandy clay subsoils, 
and deep, loose sands having no clay within 3 feet or more of the 
surface. The former largely predominate over the region as a 

whole; but there are belts, such as the Sand Hills and the Florida 
Flatwoods, in which deep sands occur over wide areas practically 
to the exclusion of soils with clay subsoils. 

Near the coast the soils are light, sandy loams, with sandy sub- 
soils. In the upland hill regions the soils become quite heavy and 
are subject to severe erosion if not kept covered with vegetation dur- 
ing winter. 

The sandy soils along the coast and in the flatwoods are not well 
adapted to the production of forage or feed crops unless they are 
heavily fertilized. Drainage in the flatwoods to make them pro- 
ductive i is usually necessary. The moist flatwoods, however, are well 
adapted to carpet grass and “switch” cane, and the grazing is com- 
paratively good. 

The heavier soils are better adapted to growing forage and feed 
crops. They are often deficient in nitrogen and phosphorus and 
require fertilizing, but under proper management produce good 
yields of feed crops and are well adapted to growing pastures. The 
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heavier so‘ls are in the rolling hill lands, much of which is too steep — 
for cultivation. The topography of this land fits it particularly for 
erazing. In practically all sections there is bottom land and level 
land enough to produce a sufficient quantity of feed for wintering 
cattle and in many sections to grow feed for finishing cattle for 

market. 
On the basis of topographic, soil, or drainage differences the 

Coastal Plain includes a number of well-defined subdivisions or 
subordinate regions. Detailed descriptions of the soils of the Piney 
Woods area, also soil-survey maps, may be obtained from the Bu- 

reau of Soils, U. S. Department of Agriculture. 

SELECTION AND MANAGEMENT OF SOILS. 

In the selection of a location for a cattle ranch the adaptability 
of the soils for growing feed and improving pastures should be an 
important consideration. Some locations are so rough that they. 
must be kept in grass to prevent washing and are not suitable for 
cultivation. While these lands may provide excellent grazing, to 
be desirable they should have level or bottom lands in connection 
to permit the growing of winter feeds. Many locations which are 
adapted to cultivation so far as topography is concerned have a 
sandy subsoil and require heavy fertilization to produce feed crops. 
The fertility of these lands rapidly leaches away under cultivation, 
though much of the sandy land furnishes good natural grazing. 

The lands which can not be converted into farming lands should 
be developed less intensively and in larger tracts than the more 

valuable tracts... Pasture improvement should be by natural rather 
than by intensive methods and only such feed crops grown as are 
necessary to carry cattle through winter and permit marketing 

them off grass. 
The level and rolling lands with clay subsoils are well adapted for 

intensive pasture improvement and the production of feed crops. 
The fertility of these lands may be built up rapidly by the use of 
legumes and animal manures, and feed may be grown to fatten all 
the cattle produced. These lands should be converted gradually 
into smaller farms and their future value as such will justify the 
gradual improvement while being used as cattle range. 

OWNERSHIP OF LANDS AND SIZE OF HOLDINGS. 

This great body of undeveloped lands is now largely owned or 
controlled by lumber syndicates and large sawmill companies whose 
holdings vary from a few thousand acres to half a million. The 
holdings of the lumbermen who answered questionnaires on the sub- 
ject averaged 29,000 acres. The owners were interested primarily 
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in cutting off the merchantable timber and not in the future devel- 
opment of the lands. However, some have undertaken very cred- 
itable projects in developing their land. The lands covered with 
stumps, unmerchantable logs, and crowns left from logging are not 
attractive to buyers. The amount of land taken up by the native 
people as needed for farming is not extensive. Colonizing schemes 
have failed in most instances and the cheap land has not attracted 
the cattlemen. Sales of large tracts of cut-over land have frequently 
been made to land-sales companies whose chief interest was to make a 
handsome profit by resale in smaller parcels. 

While the ownership of lands in large tracts has retarded develop- 
ment in the past, at present it is an advantage to the building of a 
cattle industry, as large tracts of cheap land can be bought and a 
wide choice can be made of lands particularly adapted to individual 

uses. 

RECOMMENDATIONS. 

Because of the newness of the cattle business along improved 
lines and the small number of practical demonstrations it is difficult 
to give recommendations based on well-established practice. There 
are many points, however, which should receive the attention of the 

present owners of these lands, beginners in the cattle business, and 
outsiders who are contemplating the purchase of land but who are - 
not familiar with the region. 

The immediate conversion of the great body of cut-over lands 
into small farms is not advisable even if it were possible. A redis- 
tribution of the ownership of the lands and their use for agricul-. 
tural purposes is desirable, but the process should be gradual. The 
present use and development of the lands as a whole must be in 

large tracts consisting of several thousand acres. The lands are not 
improved to an extent to make them desirable as farming lands, and 
not until they are improved and their possibilities demonstrated 

will they find a ready sale at a fair price. The utilization of these 
nonproductive lands for reforestation and grazing purposes is the 
only logical solution in the near future. 

Colonization has been a failure except in rare instances, and 
always will be so long as land is sold at high prices in small tracts 
to clerks, conductors, mechanics, and other city people who are 

allured by brillant literature describing the possibilities of the 
country in an impracticable manner. The capital of such people is 
usually taken up by the initial purchase, and they are left without 
sufficient capital to develop the land sufficiently to make a living 
income. What the region needs is farmers with sufficient finances 
cr backing to establish permanent homes and develop the land. The 
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sale of unimproved land should be on easy terms, and the improve- 
ments made by the settler should furnish a satisfactory margin of 
security. As a matter of safety the settler should be advised as to 
farming methods that promise success. 

The sale of small farms, except in colonies, is a slow process for 
the owner of large tracts, and such sales are necessarily at higher 

prices. From the purchaser’s standpoint, small farms of from 40 

to 60 acres are not large enough for a farmer to make a living. The 

sale of medium-sized tracts of land on reasonable terms to farmers 
who wish to increase their operations should be encouraged. 

Lands that are not yielding enough to pay taxes at present may 
either be turned to raising’ cattle at a profit and at the same time 
improved so they may be marketed at a fair price as they come into 
demand for farming land, or be reforested, either by the present 
owner or by the State or the National Government. 

The development of the land by the lumberman presents two- 
phases. It may be developed with the idea of making a permanent 

business of farming and cattle raismg, or partly developed as a 
demonstration of its possibilities with the idea of its future sale. 
Tn either case cattle raising must be considered as a business in itself 
and given intelligent and close study, the same as any other business. — 
If the owner can not give the business this attention himself he 

may employ a competent manager who, preferably, should have 
a financial interest. 

Individual farms operated for the diversion of the owner may 
well be show places, but ranches run for profit and demonstration — 
farms should be as practical as possible. The profit-and-loss column 
of the ledger should be the principal item to show prospective buyers. 

The size of a ranch for beef-cattle production in this region must 
necessarily be large as compared with a general farming proposi- 

tion. The business must be large enough for the owner to get a 
living from the operations, and that requires the raising of a con- 

siderable number of cattle. : 

The man operating less than a section of land can not depend 
on cattle as the main farm enterprise without intensive pasture im- 
provement or the use of other cattle range, as, under present con- 

ditions, 600 acres of pasture will carry but 60 head of cattle. On 
the other hand, the maximum size for a profitable cattle ranch is 
limited by the quantity of winter feed that can be produced. It 
must be borne in mind that the cut-over ranges do not support cattle 
the year round and that provision must be made for feeding cattle 
at least 3 months in winter. If farm labor can not be employed 
profitably to produce feed enough for the cattle, winter feed will 
have to be purchased. 
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_ Serious mistakes have been made by lumbermen who went into 
the cattle business on a scale out of proportion to their experience 
and knowledge of conditions. The most- serious blunder has been 

to purchase large numbers of cattle and turn them loose without 
any provision for care or winter feed. Such mistakes have been 
costly and discouraging. In a great many cases lumbermen have 

been discouraged from,entering the cattle business or have declared 
the business unprofitable because dividends are not quickly real- 
ized. In the production of beef cattle a large part of the profits 
are to be expected from the increase in the herd, and from 2 to 4 
years are necessary to produce an animal for market. 

As a general rule, cattle operations should begin on a sniall scale 
and be increased gradually, as the owner gains experience and is 
able to work cut definite plans for the profitable enlargement of 
the business. 

IMPROVEMENT OF CATTLE. 

Considerable effort has been made to find a breed of cattle better 
suited to this region than the recognized beef breeds and larger than 
the native cattle. Cattle have been imported from tropical countries 
to cross on the native cattle or to breed pure. Undomesticated graz- 
ing animals have also been tried. Such experiments have naturally 
been disappointing because the object in view wads to get a breed 
better adapted to the unfavorable conditions rather than to improve 
conditions themselves. It is not reasonable to expect satisfaction 
with any breed of cattle when half starved and covered with ticks. 
With the eradication of the ticks and the production of feed no other 
cattle will be better adapted for this region than the principal beef 
breeds which we already have. 

The choice of a breed for this region is a matter for the individual 

owner to decide after his own conditions are taken into consideration. 
The “rustling” ability and hardiness of a breed usually is an im- 
portant consideration, but the individual owner, if possible, should 
select the breed of cattle most generally grown in his community. 
The solution of the problem hes in fitting conditions to the cattle 
and not the cattle to conditions. 

The foundation herd should be of native cows whenever possible. 
These are small and of inferior quality, but are also cheap. With 
the continued use of a pure-bred bull and judicious selection a valua- 
ble herd may be quickly built up. Quicker results may be obtained 
by purchasing grade cows at the beginning, but it is probable that 
the cheap native cows already acclimated and accustomed to the 
ranges will be better as a business proposition than cows brought in 
from other regions. Prospects for success in the Piney Woods are 



7 

20 Bulletin 827, U. S. Dept. of Agriculture. 

much more favorable for the man who grows into the cattle business 
than for the man who buys into it. 

Pure-bred bulls of ample size and good quality and breeding should 
be used in every case if satisfactory improvement in the herd is ex- 
pected. With money to purchase a foundation herd, it is a good 
policy to limit the number of cows and put the money, thus saved, 
into the bull. The terms “scrub bull” and “grade bull” should be 
synonymous from the standpoint of herd improvement, as neither has 
any place on the range. Although a grade bull may be a good indi- 
vidual he will not transmit his qualities with any degree of certainty. 
In other words, the prepotency which has been built up by years of 
breeding and selection in the pure-bred animal is lost in the grade. 

Herd management in general must be such that the cattle will 
receive plenty of feed and reasonable care. Pastures must be pro- 
vided so that bulls and heifers can be separated to prevent breeding 
of immature animals. Heifers should not be bred until they are of 
sufficient size not to be retarded in growth, or until they are about 
18 months old. Calves should be weaned when they are old enough 
to take care of themselves and not allowed to continue sucking the 
dams, as 1s now generally practiced. If calves are weaned at the 
proper time the cows will breed more regularly and drop stronger 
calves. One bull should be kept for every 25 cows on the range, to 
insure a maximum calf crop. 

In the Piney Woods section cows may be safely bred to drop calves 
in February or March and have 1 or 2 months’ advantage over range 
calves of any other section of the country. Only when plenty of 
feed can be supplied throughout the winter should cows be bred to 
drop fall and winter calves. 

The native cattle are not regularly supplied with salt and many 

of them have to learn to lick it. Salt is an important element and 
should be supplied to cattle regularly. 

Methods of management depend on local conditions and must be 
worked out for individual cases. A definite system for growing, 
feeding, and marketing cattle should be outlined by each owner and 
followed consistently. 

PASTURES.1 

-'The South is frequently, though erroneously, referred to as “a land 
of no grass.” This impression arises from the fact that for genera- 
tions the cotton farmer has been taught to fight grass as a deadly 
enemy. His aversion to grass has been responsible in no small 

measure for the slow development of the cattle industry. 
The commercial production of beef cattle on an extensive scale 

must be founded on the use of cheap pastures and forage crops, and 

1The material in this bulletin relative to forage plants is prepared in accordance with 

the advice of the Office of Forage Crop Investigations of the Bureau of Plant Industry. 
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the importance of beef-cattle production should be in direct propor- 
tion to the amount of grazing furnished. The abundance and quality 
of the native pastures, therefore, are points of prime importance in 
considering the cut-over lands for beef-cattle production. 
Though the Piney Woods region is not noted for the general use 

of tame or cultivated grasses, the growth of native vegetation is 
abundant in all sections, and in most places could be termed luxuriant. 

NATIVE PASTURES. 

The term “ native pasture,” as used in this bulletin, refers to the open 
range as left after logging operations. Such range is unfenced and 
covered with stumps, crowns, unmerchantable logs, and small timber. 
Practically no undergrowth is present immediately after the land is 
cut over, but a second growth of blackjack oak, scrub oak, or pine 
saplings appears in a few years, depending upon the kind of soil. 
Grazing is scarce in the virgin timber, as the ground is heavily 
shaded, covered with a carpet of pine needles, and burned over each 
year. With the removal of the timber grass becomes more abundant. 

The principal native pasture grasses are wire grass,’ broom sedge, 
carpet grass, lespedeza or Japan clover, “switch” or reed cane, 
maiden or blue cane, hop clover, and Bermuda grass. 

In general the grasses of the native pastures consist almost 
entirely of wire grass and broom sedge, the important additions be- 
ing carpet grass and lespedeza, which are not abundant except in 
pastures protected from fire. The native pastures furnish good graz- 
ing from early in spring until about the first of July, and the carry- 
ing capacity is relatively high. About that time wire grass and broom 
sedge begin to mature and the grazing is inferior, only the growing 
tender portions being eaten by cattle. Grazing changes largely to 
the Paspalums and lespedeza, and cattle require practically unlimited 
range to maintain themselves. 

Although there is usually an abundance of dead wire grass left 
on the range during fall and winter, it serves only as a filler and 
cattle will not eat it if any other forage is available. Winter 
pasture consists almost entirely of canebrakes and some carpet grass, 
beth of which are usually very limited. 

Wire grass * constitutes the principal growth of the native pastures, 
and the Piney Woods is often referred to as the “ wire-grass country.” 
Wire grass furnishes good grazing in the growing season of early 
spring, and cattle make good gains during this season, but do not 
like it when the stems become hard and dry with mature growth. 

1The term “wire grass’ includes a great Many species of Aristida besides some of 

Sporobolus and Muhlenbergia. Small, in his Flora of the Southwestern: United States, 

describes 28 species of Aristida. 
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Broom sedge is a coarse grass commonly considered a weed, which 
takes possession of old fields and waste places throughout the entire 
Piney Woods. It furnishes fairly good grazing early in spring, but 
is not relished by cattle as it approaches maturity. 

Carpet grass (Axvonopus conupressus), is strictly a pasture grass, 
growing to a height of only a few inches, and is seldom if ever cut 
for hay. It prefers moist, sandy lands, but is not confined to low- 
lands, as good stands are found on the rolling and hill lands. It will 
stand closer grazing and heavier trampling than any of the other 
pasture grasses, solid stands of it occurring only where it is closely 
grazed. Farmers’ Bulletins 1125 and 1130 treat this grass in detail. 

Bre. 6. Native cattle grazing typical flatwoods range pasture in December. 

Lespedeza or Japan clover is well distributed throughout the Piney 
Woods. It has shown an adaptation to cut-over lands surpassed by 
no other pasture plant in its ability both to spread rapidly and to 
flourish on a wide variety of soils. Detailed information regarding 
lespedeza will be found in Farmers’ Bulletins 441 and 1125. 

Switch or reed cane, maiden cane, blue cane, and hop clover are of 
minor value at present as forage plants. (See Farmers’ Bulletin 
1125.) 
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Bermuda grass is not found extensively in native pastures, except 
in a few favored spots where it has been transplanted. It is im- 
portant only on cultivated land. (See Farmers’ Bulletin 1125.) 

CARRYING CAPACITY OF NATIVE PASTURES. 

No experimental data are available as to the carrying capacity 
of the native pastures, but from observation and hundreds of in- 

quiries it appears that 10 acres per head for 8 or 9 months in the 
year is a fair average. Cattle, as a rule, have unlimited pasture, 
and where the pasture is limited it is under fence and usually has 
been improved to some extent. 

Questionnaires were mailed to every owner of a pure-bred beef 
bull in the Piney Woods; so far as lists were available, and-answers 
to the question, ‘““How many acres necessary to carry a cow on cut- 

- over pasture?” varied from 4 to 20 acres, with an average of 8.3. 
Most of the answers of men grazing a considerable number of cattle 
were “Ten acres or more.” Cattlemen of long experience in grazing 
cut-over lands, without exception give that number as the mini- 
mum for unimproved pasture during a grazing season of 8 or 9 
months. During spring and the early part of summer the carrying 
capacity is probably 5 acres or less per head, but provision must be 
made for the inferior grazing after wire grass and broom sedge 
mature. Ten acres per head seems high for a humid region where 
vegetative growth is rapid, but is much lower than that required 
on western ranges and may be reduced considerably under proper 
management. : 

RANGE FIRES. 

The native pastures have been almost universally burned over 
each year ever since the country was settled in Florida for fully 150 
years, and especially since the time turpentine operations began in the 
virgin timber, long before the Civil War. In timber tapped for tur- 
pentine the face and base of the tree are saturated with resin and the 
box which catches the resin flow is within easy reach of ground fires. 
To protect the trees against accidental and pasture fires, the trash 
is raked away from the bases of the trees and the woods burned 
under watch each year, the carpet of pine straw and dead grass 
furnishing fuel. This practice makes it easier for the workmen to 
cover the ground as the underbrush is burned off. 

During logging operations no precaution is taken to prevent fires 
from locomotives, and where the woods are not fired from this source 
the woods crew burn the undergrowth to make walking easier. 
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After the turpentine operator and the lumberman, the native cattle 

owners perpetuate the annual burning of the range. Cattlemen for 
generations have practiced burning the ranges in the winter or early 
spring because it makes earlier spring grazing. As a matter of fact, 
the grazing on burnt-over ranges is no earlier and may be consid- 
erably retarded. It sheuld be done before the spring growth starts 
and not oftener than every three years, especially on heavily grazed 
pastures. Where a heavy growth of dead grass remains on the range 
during winter it affords considerable protection to the tender, grow- 

Fic. 7.—Native cattle grazing on open range which has been burned over. Compare 

the grass with that on range protected from fire, shown in figure 6. 

ing parts underneath, so that some growth will be made even during 
winter. If the dead grass is burned in spring this protection is re- 
moved and much of the early growth that might be picked out by 
cattle is destroyed. Cattle prefer the burned pastures early in spring 
because of the ease of grazing, as they do not have to pick out the 
green from the dead grass and are able to get a quicker fill; but the 
carrying capacity of burnt range is no doubt lowered to a consid- 
erable degree by the injury done to growing plants. 

Burning the range year after year for so long a period has been 
injurious to the pastures to an extent difficult to estimate. Perhaps 
the most serious injury by fire has been the destruction of vegetation 
before the organic matter could become incorporated with the soil 
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to form humus, in which the soils of practically all that region are 
deficient. On clay lands continually burned over, the soil is often 
devoid of humus to such an extent that pastures ll “ checkcrack ” 
in very dry weather and present much the appearance of the checks 
in a dried mud puddle. The quantity of organic matter in a single 
season’s growth on cut-over land is very great, and when it is con- 
sidered that practically all of it is consumed by fires the total loss 
of valuable fertilizer can readily be appreciated. On land used for 
farming purposes this annual destruction of organic matter means 
a heavy loss in crop production and the additional use of commercial 
fertilizer, which in itself is a poor substitute for a supply of humus. 

Another effect of frequent fires on native pasture has been to 
keep out the desirable pasture grasses and perpetuate the unde- 
sirable ones. Wire grass and broom sedge have been able to with- 
stand fires to such an extent that they have almost taken possession 
of the cut-over lands. These plants, although furnishing most of the 
grazing, are undesirable because of their short grazing season, and 
are no better adapted, except in their ability to withstand fire, than 
carpet grass and lespedeza, the two most valuable pasture plants 
found on the range. 

The reason for the ability of wire grass to w ithstand fire and not 
close grazing is not altogether apparent, but it is largely accounted 
for by the habit of exewth and the season of growth. The grass is 
perennial, firmly rooted, and grows in clumps, the stools of which 
protect the growing parts from fire to some extent. The plant ma- 
tures early in the season and the fuel for fires in the fall is largely 
the dead stems and leaves of these plants. Thus it may be seen that 
fall fires come at a time when the plant has seeded and the season’s 
growth is completed, while the spring fires do not affect the stools of 
the perennial plant as they do seedlings of annual plants and more 
tender perennials. 

Although carpet grass is a perennial that stands close grazing, it 
is very susceptible to fire. The seed is matured late in the fall, and 
the plant is still growing at the time of fall fires. In the spring the 
tender, creeping stalks are not protected to the same degree as are 
the clumps of wire grass and broom sedge. 

Lespedeza is seriously checked by fires because it is an annual 
which seeds late in fall at a time when fires are most likely to 
occur. Unshattered seeds are all destroyed and most of the seeds 
already dropped are destroyed, as they are loose and unprotected as 
compared with later in the season after beating rains have covered 
them with soil. The seeds are contained in a chaffy hull which burns 
readily. Spring fires come at a time when the seeds are germinating, 
or when the young plants are too tender to withstand fire. 

141959°—21—Bull. 827 -—-4 
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Without the destructive annual fires the soils of the cut-over lands 

and the distribution of grasses would have presented a different 
aspect; and since the damage done is apparent, immediate steps 
should be taken to prevent fires. However, occasional fires under 
proper control may be used to remove accumulations of wire grass 
and to check the growth of brush. 

SEMI-IMPROVED PASTURES. 

For convenience of discussion in this report, stump land which has 

been fenced, cleared of underbrush or down timber, and protected 
from fire, is spoken of as semi-improved pasture, since these are the 
first steps for pasture improvement in the logical order in which 
they should come for natural improvement of the range. Very little 
work toward improving pastures has been done until the last few 
years. Owners of large tracts of land who have started in the 
cattle business have begun some pasture-improvement work, but, ex- 
cept in very few instances, they have not made progress enough to 
demonstrate its final value. On cut-over land, stumps ranging from 
10 inches to 2 feet in diameter average about 50 to the acre, and 
these stumps, together with the crowns and unmerchantable timber 
left after logging operations, occupy much space on which no grass 
can grow. Land not closely grazed immediately after the. removal 

of the timber is quickly taken up by a second growth of blackjack 
oak, scrub oak, and pine saplings, which shade the ground and also 
occupy considerable space. 

The cost of removing stumps is prohibitive for cheap pasture on 
large areas, but “down” timber is cleared from the land by piling 
and burning or by marketing as firewood in near-by towns. Second- 
growth timber is removed by cutting with axes, but the oaks sprout 

immediately and require recutting the second or third year. In 
some cases goats and sheep have been used successfully in checking 
the growth of sprouts. Land fenced and cleared of down timber 
and second growth is usually protected from fire by burning around 
the edges or by keeping watch for fires and extinguishing them. 

These methods effect an immediate improvement in the pastures 
by reducing waste space and shade. In addition, volunteer lespedeza 
and carpet grass make their appearance and improve the pasture 
rapidly. Confining the cattle by fencing means closer grazing, and 
with close grazing and trampling wire grass and broom sedge are 
checked and carpet grass and lespedeza take their places. Rapid 
improvement in the carrying capacity and quality of the pastures 
has been observed in many places on limited areas when these 
methods were used, and the improvement of the pastures, especially 
by protection from fire, shows great future promise. 
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Semi-improved pasture in Covington County, Miss., protected from 
fire was closely observed for 2 years. During that time the stand. of 
lespedeza was estimated to have increased 75 per cent. It was 
thoroughly distributed throughout the pastures and constituted from 
a third to half a stand. Carpet grass also increased to an appreciable 
extent. No seed of either plant was ever sown on these pastures. 

IMPROVED PASTURE LAND ON FARMS | 

1909 

oe? SL: oe 

EACH DOT REPRESENTS 
30,000 ACRES. 

Fic. 8.—Improved pasture land on farms. Compare the improved pasture lands of 

the Coastal Plain with that of the cattle-producing section of the Middle West. 

Similar instances were mentioned by a large number of men in 
answering the questionnaires sent out. 
Land fenced and cleared to some extent facilitates seeding to car- 

pet grass and lespedeza without cultivation, but very little informa- 
tion is available as to results by any other method than natural 

seeding. 
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IMPROVED PASTURE. 

Improved pasture as referred to in this report is defined as pasture 
which is fenced, protected from fire, and seeded to some pasture grass. 
Practically all such pasture is on cultivated land which has been 
cleared of stumps and is under cultivation. Bermuda grass is the 
foundation of practically all improved pastures in the Piney Woods. 

At Collins, Miss.,? excellent stands of lespedeza and Bermuda were 
obtained on native pastures which were disked and the seed sown 
broadeast at the rate of 15 pounds of lespedeza and 3 pounds of 
Bermuda per acre. 

At the McNeill station, in southern Mississippi, E. B. Ferris re- 
ports success through sowing 2 pounds of Bermuda-grass seed to the 
acre, mixed with 100 pounds of fertilizer, on rough land cleared 
only sufficiently to get a “ scooter ” plow through it to break it up in 
patches here and there. The land was sufficiently sodded to make 
good pasture after midsummer of the first year. Later the Bermuda 
grass was crowded out by carpet grass. However, Mr. Ferris adds: 

Many of the best pasture crops do not thrive as they should on the wild lands 

until the lands have been plowed and sweetened—at least to a limited extent. 

to plow and mow these lands with stumps still on them is almost out of the 

question,” 

Good results have been observed in a few instances where lespedeza 
and carpet grass had been sown on rough stump land, disked or 
roughly broken with plows. Lespedeza and carpet grass show par- 
ticular promise for seeding on stump land, as they are especially 
adapted and come in naturally on such land. Carpet-grass seed is 
now a commercial product. Stands may also be obtained by pro- 
tecting patches of carpet grass from grazing, cutting the hay, and 
scattering it over the ground to be seeded. 

In the improvement of native pastures many varieties of forage 
plants are useful. Among these are Bermuda and carpet grass, al- 
ready referred to, which are recommended as a foundation for per- 
manent pasture. Good results can not be expected from any of the 
northern pasture grasses, a possible exception being white clover. 
Alfalfa is not adapted to the Piney Woods section. Many imported 
grasses, such as Para grass, Rhodes grass, Guinea grass, St. Augustine 
grass, Natal grass, and Napier grass, have been tried and found im- 
portant in some sections, but are limited to the coast line and the pen- 
insula of Florida because of injury by frost. Information as to these 
grasses can be found in Farmers’ Bulletin 1125. 

1The work at Collins, Miss., was conducted by the Bureau of Animal Industry, U. S. 

Department of Agriculture, in cooperation with the Mississippi Agricultural and Me- 
chanical College, on the ranch of H. M. McIntosh, and was continued for 2 years. 

* Mississippi Bulletin 180. i‘ 
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TEMPORARY PASTURES. 

Temporary pastures include winter-grazing crops or cover crops 
and volunteer or unseeded crops on cultivated lands. Wointer-graz- 
ing crops consist of the small grains, such as oats and rye, and winter- 
growing annual legumes, such as bur clover, crimson clover, and 
vetch. The most important volunteer pasture crops are crab grass, 
Mexican clover, and beggarweed. 

Winter oats of a rust-proof variety sown early in fall are used for 
winter grazing. Oats can be grazed slightly in the fall and winter, 
but as the oats are usually grown for the grain crop, heavy grazing is 
questionable. (Farmers’ Bulletin 436.) 

Fic. 9.—Cattle grazing Abruzzi rye in February on the beef-cattle experiment farm at 

Collins, Miss. This pasture was grazed from the latter part of November until the 

last of March. 

Hairy or sand vetch is frequently sown with oats for winter graz- 

ing. The addition of vetch greatly increases the winter grazing and 
the cattle may be removed in the spring and the oats and vetch cut for 
hay. (Additional information concerning vetch in southern sec- 
tions is contained in Farmers’ Bulletins 515 and 529.) 

Rye, especially the Abruzzi variety, which was introduced by the 
United States Department of Agriculture from Italy, has proved 
to be far superior to oats for winter grazing. At Collins, Miss., in 
the fall of 1917, Abruzzi rye and oats were sown the same day on 
equal parts of a field and under exactly the same conditions. The 
rye made good growth and furnished excellent grazing through 
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winter and early spring, and after pasturing was cut for grain. 

Scarcely a single spear of oats survived the severe winter and fur- 
nished no grazing whatever. (Detailed information concerning rye 
is contained in Farmers’ Bulletin 894.) 

Crimson clover 1s an annual winter-growing legume grown to 
some extent in the Piney Woods for pasture and hay. Crimson clover 
furnishes very little fall or winter grazing, but is important for 6 
weeks in the early spring between rye and other pasture. (Crimson 
clover is fully discussed in Farmers’ Bulletins 550, 579, and 1125.) 

Crab grass is the most common volunteer grass after cultivated 
crops. It comes in thickly after early corn has been laid by, and 
if the corn is removed makes considerable grazing through Septem- 
ber and October. (See Farmers’ Bulletin 1125.) 

Mexican clover, also called “ Florida pusley,” is not a true clover 
or legume, but is a summer annual belonging to the madder family, 
which makes a rank growth resembling red clover. It is a common 

volunteer crop after early corn in most sections of the Piney Woods 
and makes a heavy growth each year when once established. After 

removal of the corn it makes fairly good grazing until heavy frost 

and makes a fair quality of hay and is often cut for that purpose. 
Its value as a cover crop, as late fall grazing, or as a. hay crop, should 

entitle it to some consideration. The seed ig not sold commercially, 
but may be obtained from lofts where the hay is stored, and is sown 
in the spring at the rate of 5 or 6 pounds per acre. 
Beggarweed, an annual legume growing erect and reaching a 

height of from 4 to 8 feet, is a common volunteer crop through all 
sections of the Piney Woods, but makes its best growth in Florida. 
It has a high feeding value and makes excellent grazing until some 
time after frost. It is often cut for hay and is relished by cattle, 
although it is usually coarse. Seed is easily collected and may be 
sown at a small cost where the plant is not already well established. 
(See Farmers’ Bulletin 1125.) 

PERMANENT PASTURES. 

Permanent pastures of exceptionally high carrying capacity and 
long grazing period can easily be established and maintained on 
lands cleared of stumps and under cultivation. These pastures sup- 
plemented with temporary pastures for winter grazing enable the 
farmer to graze his cattle throughout practically the entire year. 
‘Included in the questionnaire sent to pure-bred breeders was the 

question: “ How many acres are necessary to carry a cow on 1m- 

proved pasture?” The answers to this question varied from one- 
quarter of an acre to 3 acres, with the majority giving 1 acre per 
head. The average of all answers was 1.6 acres per head for the 
grazing season. Fifty-seven per cent of these men reported no im- 
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proved pasture. The foundation of practically all these pastures was 
Bermuda grass, although a large number included lespedeza and a 
few were carpet-grass pastures. That the average of 1.6 acres per 

head is a conservative figure for improved pastures is borne out by 
the writers’ observations in all sections. Many pastures have been 
observed which had a considerably higher carrying capacity, and as 
a rule the Bermuda and carpet-grass pastures are understocked 
rather than overstocked during the season of most rapid growth. 
Both Bermuda and carpet grass will stand very close grazing, and 
Bermuda especially is not relished by cattle if it is allowed to make 
a rank growth. 
The general farmer or small landowner should spare no effort in 

establishing pastures on cleared lands in order that the small num- 
-_ ber of cattle he is able to keep may have the most favorable grazing. 
The large landowner or ranchman with many cattle can establish 
pastures on cleared land only gradually and in a limited way. He 
is concerned with utilizing the cheap range pasture and his problem 
is improving large areas of the native pasture with the stumps on. 
Cost is the limiting factor in improving large areas and the 
problem is necessarily more difficult in its solution. The native 
pastures can not be improved immediately to have the carrying 
capacity of the permanent pastures described above without clearing 
the land. They may be gradually improved, however, at a very 
small cost, so that their carrying capacity will be doubled. 

Considerable selection can be made from the great number of 
pasture and forage crops grown in the Piney Woods section, but 
certain crops have become prominent in different regions. The 
recommendations for the Coastal Plain as given by the authorities 
of the different experiment stations is tabulated below, including 
the three important pasture and hay plants of each State. Many 
other crops which do well are not included. The recommendations 
were given by Director H. W. Barre, of South Carolina; Prof. 
J. R. Fain, of Georgia; Director P. H. Rolfs, of Florida; Director 
J i. Buse of Alabama; Director of Stations J. R. Ricks, of 

Mississipp1 ; Dean W. R. edcon of Louisiana; Director of Exten- 
sion W. C. Lassetter, of hone and Biot A. B. Conner, of 
Texas. 

TABLE 3.—Pasture and hay crops for the Coastal Plain. 

Station. Pasture. Hay. 

South Carolina (Barre) .-..-. Bermuda, carpet grass, lespedeza: - - - -- Cowpeas, velvet beans, sorghum. 
Georgia (Fain)..............- Carpet grass, Dallas grass, Rhodes grass} Cowpeas, Sorghum, beggarweed. 
Florida (Rolfs).......--..-- Bermuda carpet grass, Para grass..-.. Crab grass, cowpeas, beggarweed. 
Alabama (Duggar)... 5 Bermudaslespedeza, bur clover. - .| Cowpeas, Sorghum, lespedeza. 
Mississippi (Ricks).- - - 
Louisiana (Dodson) - 
Arkansas (Lassetter). . - 
Eastern Texas (Conner) 

ae Carpet grass, lespedeza, Bermuda. 

Bermuda, carpet ESS. lespedeza...... 
Bermuda, lespedeza, bur clover. ...... 

He Lespedeza, cowpeas, Sudan grass. 
.| Cowpeas, lespedeza, ‘sorghum. 

Cowpeas, Soy beans, sorghum. 
Cowpeas, Sudan grass, sorghum. 
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RECOM MENDATIONS. 

The improvement of the native pastures is the most important 
problem of beef-cattle production in the Piney Woods. Although 
there is an abundance of grass on the range it furnishes good graz- 

ing for a short period only and the native grasses must be replaced 
to a considerable extent by more desirable plants before the pastures 
will have a high carrying capacity. A system of management must 
be devised ‘to bring about the gradual replacement of the native 
grasses by facilitating the spread and natural reseeding of more de- 
sirable forage plants. 
Two very important forage plants, carpet grass and lespedeza, 

have established themselves in practically every county of the Piney 
Woods; and, while it is not advisable to discontinue the trial of other 
pasture plants, every effort should be made to protect and facilitate 
the spread of these two. At present there are no other plants known 
which are so desirable and so well adapted to this region. The worst 
enemy to the spread of carpet grass and lespedeza is fire. With 
fencing, fire protection, removal of undesirable underbrush, and 
proper stocking the natural spread of these two plants is rapid. 
Every practical effort should also be made to protect the growth of 
young pine on land not suited to cultivation. 

Fencing and fire control are the first two steps toward pasture 

development. A fence establishes ownership and property lines, 
keeps out scrub bulls and other cattle, aids in establishing fire con- 
trols, and confines cattle to a definite area. The ranges deteriorate 

rather than improve so long as fire runs over them annually. The 
advantage of fire protection from the standpoint of increasing the 
fertility of the soil and protecting desirable pasture plants is be- 
yond question and has been repeatedly demonstrated by individual 
owners. 

For the individual owner to prevent fires on his pasture when the 
surrounding range is fired is a difficult matter, but it can be accom- 
plished by constant watch, burning around the pasture, or plowing 
a strip wide enough to stop fire. Prevention of fires is the most 
logical method, but it can not be done until cattle owners and land 
owners realize the destruction done. Accidental fires may be pre- 
vented by precaution, but so long as the belief prevails that the 
grazing of cattle is improved by annual burning of the range, set 
fires will run over the range each year. Concerted action should 
be taken by cattlemen and the owners of range land to start: an 
educational campaign against fires and procure suitable legislation 

for their prevention. 
If the land is to be used exclusively and permanently as pasture, 

second-growth oaks should be kept down, because they will shade 
pasture plants and occupy considerable space. Underbrush may be 
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cut but will quickly sprout and require recutting in the course of 
2 or 3 years. If closely grazed by sheep or goats the sprouts may 
be killed. An arsenic poison has been successfully used for killing all 
kinds of timber and effectually preventing sprouts. Trees are killed 
in a few weeks’ time and often in a few days by deep girdling and 
applying a solution made according to the following formula: 

Nien aArSenic= (atsenicG trioxid)) — eee es ee ee 1 pound. 

VEU S HINES 0 Cle eee Ng ame nets eee eects SBS a ‘1 pound or 

CAUStICH SOC akesE eka)" Sood ne ee ee rat YOUNG. 

AV Vg Ents 1iT pee ieee ce ata pce IS TSS ee ees Res 4 pound. 

BV faltlie ty pee nai ets ceca gf Liga mi ce AEN BTR TEE 4 gallons. 

Dissolve the soda in water, using heat if necessary; then slowly 
add the arsenic, previously made into a thin paste, stirring all the 
time; place on a strong fire and boil for half an hour, stirring from 
time to time. When the arsenic is thoroughly dissolved add the re- 
mainder of the water to make up the 4 gallons. The whiting shows 
the trees treated, as it turns white on drying. Trees are girdled by 
a heavy downward stroke of the axe cutting through the bark and 
well into the wood. From a half-pint for small trees to a quart 
for large ones is applied to saturate the girdle. Saplings may be 
cut. off low and the poison thoroughly apphed with a swab. The 
poison is more effective if applied in winter or early in spring, but 
will kill trees at any time. 
Down timber should be removed for firewood or piled and burned, 

as it occupies space on which no grass can grow. The removal of 
underbrush and down timber increases to a considerable extent the 
carrying capacity of pastures. 

Seeding the native pastures, following the removal of second- 
growth and down timber, will facilitate the rapid replacement of the 
native grasses. Lespedeza and carpet grass may be sown on favored 

spots of unprepared ground to hasten their natural spread, or where 
the land is sufficiently clear it may be disked at little cost before 
seeding. Disking also helps kill out the wire grass. The beds of old 
tramroads from which the ties have been removed furnish seed 
beds where desirable grasses may be established and gradually spread 
over the pasture. 

Stocking the pastures heavily gradually kills out wire grass and 
establishes carpet grass, but where pasture is grazed close enough in 
spring to kill wire grass other pasture must be provided during sum- 
mer and fall, as the cattle will suffer if not given wider range when 
the pasture begins to fail. Wire grass and broom sedge must be 
grazed closely to be fully utilized, as cattle do not eat it readily after 
it matures. The pasture will gradually improve if closely grazed and 
protected from fire at the same time, but should be seeded to lespe- 

deza and carpet grass for rapid improvement. 
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Where some improved pasture is available, the native pasture may 
be grazed closely in the early part of the season, gradually removing 
the cattle to the improved pasture. This method allows the im- 
proved pasture to get a good start while the native pasture is being 

used to the fullest advantage. 
Improved pasture on cultivated land should be established gradu- 

ally for permanent pasture whenever possible, especially by the small 

farmers who have limited pasture. Bermuda is recommended on 
rich ground or ground to which manure has been applied, but should 
always have lespedeza and bur or white clover added. Carpet grass 
is much better adapted for the foundation of pastures on sandy lands 
and should be sown with Bermuda whenever the seed can be ob- 
tained. Lespedeza should be sown with carpet grass. 

Abruzzi rye, especially if vetch or bur clover is sown on the same 
field, is recommended above any other crop for winter grazing. 

WINTER FEEDS. 

The saving of the dry roughage, such as corn stover, and the 

making of hay are rendered somewhat difficult in the Piney Woods 
section because of the frequent rains at seasons when the crops ma- 
ture and the moist atmosphere, which is favorable to the growth of 
molds on forage when left in the field, especially corn stover in 
shocks. 

Corn stover may be cured and fed from the field in favorable sea- 
sons, but it is usually necessary to rick it with some protection from 
the weather or store it under cover. The common method of utilizing 
corn stover is to pasture the stalk fields in the fall after the corn has 
been snapped. especially since velvet beans are now commonly planted 
in all corn, and the vine growth makes the cutting of stover very 
difficult. When properly saved, corn stover is a very valuable rough- 
age for winter feed, but if left in the field a considerable portion of 

the forage is trampled down, damaged by rains, or blown away, and 
much of the feeding value is lost. 

Lespedeza is gaining favor rapidly as a hay crop. It has been 
very successfully grown for hay on the heavier soils, especially when 
supphed with some phosphate fertilizer. It contains little water 
and is the easiest of all legumes to cure into hay. When grown in 

dense stands it is very heavy in weight because of the fine, solid 
stems, and even when only 6 to 8 inches high and apparently hardly 

worth cutting for hay it will vield a ton or more per acre. The hay 
is of excellent quality, is relished by cattle, and is equal in feeding 

value to alfalfa hay. When the seed is sown in February or March 
on oat land it will make a crop of hay the first season after the 
oats are harvested. The plants, if allowed to mature, will reseed 
the land indefinitely. After the lespedeza is removed the land may 
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be again sown in oats. Ferris, at the McNeill station, Miss., re- 

ports the best yields of oats by using this method, and obtained 
2 tons of lespedeza hay following the oats.1 No other hay crop in 
that section is more valuable as a feed. It can be grown with less 
trouble and expense than any other hay crop and at the same time it 
improves the land for future crops. (This subject is discussed in 

_ Farmers’ Bulletin 441.) 
The cowpea is the most common cultivated crop grown for hay 

in the Piney Woods section. This crop commonly follows oats and 
is sown broadcast for hay, as it smothers weeds and crab grass. (De- 

tailed information concerning cowpeas is contained in Farmers’ 
Bulletins 318, 1125, and 1153.) 

The soy bean is av annual legume similar to the cowpea but is not 
so extensively used. It makes a heavier growth of seed than the cow- 
pea, but when sown broadcast cowpeas make a heavier yield, as well 
as smothering the weeds. (Soy beans are discussed in detail in 
Farmers’ Bulletins 931, 973, and 1125.) 

Peanut hay is rapidly coming into use in some sections of the 
Piney Woods, especially in Alabama and Georgia, and is now put 
on the market as a commercial hay. Peanuts are grown as a forage 
crop after the removal of oats or rye and the tops mowed for hay 
the same as cowpeas or other legumes, leaving the nuts in the ground 
to be harvested by hogs. The yield of hay is between 1 and 2 tons 
an acre. Peanut hay is coarse but of good quality, is relished by 
cattle, and has a feeding value equal to clover hay. (Methods of 
growing and handling the crop are fully discussed in Farmers’ 
Bulletins 431 and 1125.) 

Table 4 gives the analyses of lespedeza, cowpea, and peanut-vine 

hay as compared with alfalfa hay. 

TABLE 4.—Analyses of three southern legume hays compared with alfalfa hay. 

Constituents. 

ae Number Carbohydrates. 
Kind of hay. 

analyses. Crudeuiauneael lise. 
Water. Ash. protein. can, Nitrogen Fat. 

fiber free 
i extract. 

Per cent. | Per cent. | Per cent. | Per cent. | Per cent. |.Per cent. 
PAN Ta Rape ater on sets ees 250 8.6 5 14.9 28. 3 BSc P58) 
Lespedeza ; 14 11.8 5.8 Sat 25. 9 41.6 2.8 
Cow Meakeeeeseesct anaes cee eis 35 14.8 tes 16.5 20. 4 wee Be7h 
HS aIT UT evalTl Ope eres ee ann 7 21.5 8.7 9.1 20.2}; 36.8 7 

1 Analyses from Henry and Morrison. 

Table 4 shows lespedeza hay to be practically equal to alfalfa hay. 
It is slightly lower in crude-protein content, but is also lower in 

1 Mississippi Bulletin 180. 
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fiber content and higher in fat. Cowpea is higher in crude-protein 
content than alfalfa, lower in fiber, and higher in fat. Peanut hay 
is not equal to these hays in crude-protein content, but is low in 
fiber and high in fat. | 

Sudan grass is frequently sown in mixtures with cowpeas or soy 

beans for hav and facilitates the curing of the hay. At the McNeill 
station..in Mississippi, Sudan grass, planted in drills 3 feet apart 
about the middle of May, gave two cuttings totaling 4 tons of hay. 
With the exception of lespedeza, which it exceeded in yield, it was 

superior to any other hay tried at the station. (Detailed discussion 
of Sudan grass may be found in Farmers’ Bulletins 605, 1125, and 

1126.) 
Sorghum is sown broadcast and cut for hay to some extent in the 

section described. It is a good yielder, but the large, juicy stems 
make it difficult to cure and it is more valuable and more easily 
handled as a silage crop. (See Farmers’ Bulletin 1158.) 

Crab grass, Mexican clover, and beggarweed are volunteer crops 

which are important for hay, as they cost nothing except to harvest. 
Crimson clover 1s grown to a limited extent as a hay crop. The 

hay is of good quality and is relished by cattle. Other crops seem to 
be better adapted as hay crops. 

Hairy or sand vetch is planted in the fall with oats or rye and 
the crop is grazed during winter and early spring, yet it makes a 
heavy yield of hay after the removal of the cattle. (See p. 29.) 

Cottonseed hulls is a commercial feed obtained as a by-product 
of the manufacture of cottonseed oil. It has been extensively used 
as a roughage and is about equal to corn silage, but is much more 
expensive and is being replaced by cheaper home-grown roughages. 

The velvet bean (Farmers’ Bulletins 962 and 1125), an annual 
leguminous, twining vine, is now grown in the Piney Woods more 
extensively than any other crop except corn, with which it is almost 
always planted. The velvet bean was grown first in Florida and has 
been cultivated extensively only in recent years. In 10 years, how- 
ever, the acreage has grown from an insignificant figure to a point 
where practically every acre of corn in the Piney Woods is now 
planted to velvet beans, the most important forage and feed crop 
grown there.1 

At the present time ‘cornstalk and velvet-bean pasture is the 
principal winter-forage crop of the Piney Woods both for maintain- 
ing cattle through the winter and for fattening them. The practice 
of pasturing cattle on velvet-bean fields has become such an im- 
portant factor in wintering cattle that most farmers provide no other 

1Farm. practices that increase crop yields in the Gulf-coast region are discussed in 

Farmers’ Bulletin 986. 
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winter feed. The cattle are held on the native pastures until ~ 

the pastures give out and are then put on velvet-bean fields to hold 
them until grass comes in the spring. 

After the corn is harvested the beans are usually partly picked 
if the cattle are to be carried through the winter on a maintenance 
ration, but if cattle are to be fattened they are turned on fields from 
which no beans have been picked. The leaves remain on the vines 
for a considerable time and are eaten better by cattle after frost 
comes. The beans remain in the field about three months during the 
winter without shattering or damage from rains. In fact, after they 
have been softened by rains the cattle like them better. Beans 
which are trampled to the ground are utilized by following the cat- 
tle with’ hogs. The carrying capacity of the pasture varies con- 
siderably according to the yield of beans per acre, but it is usual 

Fic. 10.—Corn and velvet beans. Velvet beans make an excellent growth along with 

the corn. 

to allow from one-third to one-half an acre per head per month. It 
requires from 1 to 14 acres to carry a cow through the winter. 

At Collins 56 head of mature breeding cows and 22 head of mature 
native steers were turned on 40 acres of velvet-bean pasture Decem- 
ber 3, 1917. The pasture consisted of stalk fields from which the 
corn had been snapped and velvet beans left unpicked. Ten acres 
of this field would have yielded 1,000 pounds or more of picked beans 

per acre, but the beans on the remainder of the field were scattering. 
The average yield of the entire field was estimated at 500 pounds an 
acre. ‘The pasture was practically exhausted at the end of a 28-day 
period and hogs were left to clean up the remaining beans. Pas- 

=n 
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ture was furnished at the rate of one-half acre per head per month 
and the breeding cows made an average daily gain of 1.25 pounds 

a head. 
Stock cattle are sometimes given limited pasture on bean fields 

from which no beans have been picked. By this method the cattle 

are turned on the field for an hour or more each day and then 
taken off. This lengthens the grazing period and is an economical 

way to handle the crop if cattle are not to be fattened. If steers 
are to be fattened for market they are often allowed the run of a 
bean field until the best of the beans are consumed, then removed 

to a new field, and the stock cattle turned on the old field to clean up 
what is left. 

The sandy soils of the Piney Woods region are not injured by 
pasturing cattle while the ground is wet during winter, and where 
velvet beans are utilized in this way considerable labor is saved and 
the fertility contained in the crop is left on the ground, adding 

greatly to the value of the crop as a soil improver. Since the beans 
will keep in the field until consumed and few beans are lost, it would 
appear that the only advantage in harvesting the beans for feed is 
in controlling the quantity of beans consumed. However, there 
are several serious objections to pasturing the beans as now practiced. 
These points are discussed under ‘“ Recommendations for winter 
feeding.” 

It is worthy of particular note that nearly: all the important forage 
crops of the section are legumes. Besides the high feeding value due 
to the protein content, the legumes have a high content of lime, which. 
is a very necessary element in the growth of animals. Timothy hay 
has 2.5 pounds of lime per 1,000 pounds, while cowpea hay has 25.4 

pounds. The soils of this region are naturally deficient in lime and 
the increased use of legumes, especially for young growing animals, 
should be highly beneficial. 

CONCENTRATED FEEDS. 

The velvet bean is the principal concentrated feed now used for 
feeding cattle in the Piney Woods and with the increasing acreage 
grown each year it 1s rapidly replacing all other concentrated feeds. 

both for fattening and wintering cattle. Aside from its recognized 
value as a feed it is a home-grown crop which is more readily 
marketed through cattle than in any other way. The increased use 

of velvet beans has permitted the shipment of larger quantities of 
cottonseed meal to other sections of the country, as the meal is a 
more concentrated feed for which there is a well-established market. 
In some localities since 1915 the production has greatly exceeded the 
amount needed for home consumption and mills have been established 

1from Henry and Morrison. 
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for drying and grinding the beans into a commercial feed. For home 
consumption the beans are usually fed in the pod, as they are difficult 
to grind, quickly become rancid, and the feeding value is not in- 
creased by grinding. 

That the velvet bean is a very valuable concentrated feed for cat- 
tle has been thoroughly demonstrated. Feeding tests have shown that 
about 2 pounds in the pod are equal to 1 pound of cottonseed meal 
and in addition the roughage required is lessened because of the dry 
matter in the bulky pods. The high feeding value of velvet beans 
in the field is beyond question and it 1s now a common practice to 
market fat steers directly off the bean fields in February and March. 
Though these steers do not have the high finish of steers fed during 
a longer period they sell for a good price. The practice of fattening 
cattle on velvet-bean pasture is an economical one, because few beans 
are wasted, little labor is required, and the fertilizing value of the 
crop is retained on the land. 

The Bureau of Animal Industry, United States Department of 
Agriculture, with the cooperation of the Mississippi experiment sta- 
tion, conducted an experiment at Collins, Miss., during the early part. 
of 1918, to determine the economy of a ration of velvet beans and 
corn silage when fed to fattening steers and also to compare the 
relative feeding value and economy of whole velvet beans in the pod 
and velvet beans crushed with the pods. The experiments are being 
continued, and while no detailed results have as yet been published, 
the following table gives a summary of the data obtained : 

TABLE 5.—Velvet beans in pod compared with velvet beans and pods crushed. 

[Cattle-feeding experiment at, Collins, Miss., Jan. 1 to Apr. 5, 1918—94 days.] 

Lot 2 Lot 1. 2 
: Beans - Beans in 

Item. podand | #24 pods 
areal crushed 

silage and corn 
3 silage. 

NTT STIS CECHS HIM Obese eet ccatenieeh Sas pe one eo on arene sen Be cae oem ae See 11 11 
Average daily ration per head (full feed): 

Welvetibeansyim pode 2 se-2. 525 eke ao dae ao ee ees en ase ace eee pounds. . LORD 3| Seen ee 
Velvet beans, crushed........... ee pa NE Oye ee BS Sap canoe eee ao uekE De Opes ie ineee gs 2 10.9 
Cornsilages.. 25-2... --. AS Ba SEPA SAO Sne BEEBE OH OG De enenBD doses 22. 0 22.0 

Average initial weight per head..........:.........2.--.-.---2----- 2-2 eee dorsas 660 660 
Averarelinal: weight per head: --22-s.5-c222 202222) 2252s ees vee ne eles do.... 793 790 
POVCrAareOLaNe aims per NeAdee as. 4222 ceca one ee ee do.... 133 130 
Average dailysgain per head; <.22c.52.2.22s 222.3 ee ee) dee SACKS 5- 1.41 1.38 
Silage consumed per hundredweight gain........-....-.---.+-:-.------+---- do.... 1,710 (OU 
Velvet beans consumed per hundredweight gain........................... do.... 621 621 
Feed cost per 100 pounds gain...... canta a eT eic ics SS ay as res SEI $11. 72 $13. 29 
Average shrinkage in transit to market.............-.-...-.------.---.-- pounds... 79 79 
Average dressing, market weights...... BOS a EO RCE SU ace ere rote per cent-. 56. 1 55. 22 
Initial cost per 100 pounds....-...........-..----- Bae SR Sa cele eS Re $7. 50 $7. 50 
Selling price per 100 pounds..... See SAC aU ORDEE PEED EY os ae OS Dan OSSne SOMEEEe $12. 00 $12. 00 
PAV OT AC OND LO MiP CURNCAG Suerte So yen em ee he nn ae eta ee eae Sue $13. 70 $11. 61 

Twenty-two head of native Mississippi steers from 8 to 5 years 
old, showing no evidence of improved beef blood and averaging 660 
pounds, were used in this test. Preliminary to being placed in the 
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feed lots the steers were pastured on cornstalk and velvet-bean pas- 
ture for 28 days. The corn had been snapped and the unpicked 
beans left in the field were estimated to average 500 pounds an 
acre. The steers made an average daily gain of 1 pound a head on 

pasture. 

When taken off pasture the steers were divided into two lots and 

fed 94 days. Lot 1 was fed whole velvet beans in the pod and 
corn ‘silage. Lot 2 was fed velvet beans and pods crushed and 
corn silage. No other roughage or concentrate was fed. Both 
lots were fed in a similar manner, the only difference being in the 
preparation of the beans for Lot 2. The average daily ration per 
head on full feed was 10.9 pounds of velvet beans and 22 pounds of 
corn silage. Corn silage was valued at $5 a ton and whole velvet 

beans at $25 a ton. The charge for crushing the beans was $4 a ton, 
making them cost $29. 

The steers of Lot 1, getting whole beans, relished their ration, 
while the steers of Lot 2, getting crushed beans, would not clean 
up their feed as fast nor consume as much as Lot 1 had the latter 
been allowed to eat as much as they wished. 

The average daily gains, 1.41 pounds and 1.38 pounds for Lots 
1 and 2, respectively, were practically the same and were satisfac- 
tory for the class of steers and the rations fed. 

The amount of feed consumed per 100 pounds gain was almost 
identical in both lots. The quantity of silage consumed per 100 
pounds gain was very low, owing to the large quantity of rough- 
age in the bean hulls. 

The feed cost per 100 pounds gain was $11.72 and $13.29 for Lots 

1 and 2, respectively. Since the pounds of feed consumed per 100 
pounds gain was almost identical in both lots, the extra cost of $1.57 
per 100 pounds gain in Lot 2 was due to the charge for crushing the 

beans. It is interesting to note that Lot 1 made gains for less cost 
per 100 pounds than the selling price, which was $12 for both lots. 

The steers were 96 hours in transit to market, with a resulting 

heavy shrinkage. Lot i dressed by market weights 56.1 per cent, 
and Lot 2, 55.22 per cent. 

The plan of the experiment was to carry the steers for a longer 

feeding period, but the silos at the statron were destroyed by fire, 
making it necessary to ship at once. In general, however, the steers 
were fairly well finished for steers of their quality, as is shown by the 
dressing percentages. 

Hogs following the steers without other feed did not make satis- 
factory gains. The hogs following the steers that got crushed beans 

lost weight at the time the steers were on full feed. 
The results of this experiment indicate that velvet beans and corn 

silage make a satisfactory ration for fattening steers and produce 
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‘economical gains. The steers in the lot receiving whole beans in the 
pod consumed their feed more readily than the lot getting ground 
beans. They also made larger daily gains, cheaper gains, and dressed 
a higher percentage by market weights. The added cost of preparing 

the beans for Lot 2 reduced the profit $2.09 a head. These steers sold 
for $12 per 100 pounds, which was the highest price ever paid at the 

~$t. Louis market for native Piney Woods steers up to that time. 
However, fat grade steers showing crosses of pure-bred beef blood, 
and averaging 1,247 pounds each, sold the same day for $15.25 per 
100 pounds. 

At the station during the winter of 1917, 18 head of grade breed- 
ing cows, 7 of which had calves at foot, were fed a maintenance 
ration of corn silage and velvet beans in a dry lot. The cows main- 

tained their weight for 46 days on a ration of 20 pounds of silage and 
4 pounds of velvet beans in the pod. The cost of this ration per 
head was 10 cents a day when silage was charged at $5 a ton and 

velvet beans at $25 a ton. 

Twenty head of pure-bred breeding cows, 4 of which had calves 
at foot, were fed 70 days on a ration of velvet beans crushed in the 

pod, and corn silage. These cows gained 15 pounds a head for the 
period on an average daily ration of 7.9 pounds beans and 26.5 
pounds of silage. The cost of the ration was 18 cents a day when 
silage was charged at $5:a ton and ground beans at $29 a ton. 
Although the high value of velvet beans as a soil-improving crop 

and a cheap home-grown feed are now generally recognized, as is 
evidenced by the enormous increase in the acreage grown in the last 
few years, the possibilities of this feed have been barely touched 
even in the region which is its natural home. To northern and west- 
ern feeders who annually buy large quantities of protein feeds the 
velvet bean is still a curiosity. A few years ago the Piney Woods 
were looked upon as a future field for the production of large num- 
bers of feeder cattle, to be shipped to other sections for finishing, 
because no crop had been found which would produce large quanti- 
ties of feed for fattening cattle. Already that region has become 
a heavy buyer of western cattle to consume its velvet-bean crop, for 

which there was no other market except through cattle. 

Corn, is fed to cattle in that region in very limited quantities. 
The total production of corn is not great and some is shipped in 
each year to be utilized as feed for work stock and for fattening 
hogs. 

Cottonsced meal, until the advent of velvet beans, was the con- 

centrate most generally used for feeding cattle, but in recent years 
its use has diminished rapidly to give place to velvet. beans, which 
could not be marketed so readily as a commercial feed. The demand 
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for cottonseed meal for shipment is such that velvet beans are 

usually a more economical feed for cattle. The value of cotton- 
seed meal as a cattle feed is so well known generally that it needs 
no discussion here. 

Peanut meal, a by-product of the manufacture of peanut oil, 
now produced in some sections of the Piney Woods in con- 
siderable quantities and is rapidly gaining favor as a feed for cattle. 
According to analysis, “ peanut-oil cake” and “ peanut-oil meal,” 
made from shelled nuts, are practically equal to cottonseed meal, 

but their comparative value for feeding cattle has not been deter- 
mined. Peanut meal is extensively used and is valued highly as a 
cattle feed in Europe. 

Peanut hulls are high in fiber and have no higher feeding value 
than grain straw. Peanut meal from unshelled nuts contains about 

one-half as much crude protein as the meal made from shelled nuts. 
The hulls are often ground and added to the meal as an adulterant 

to give bulk to the feed. 
The American feed-control officials classify “ peanut-oil cake” 

and “ peanut-oil meal” as products made from shelled nuts. When 
unhulled nuts are pressed the product should be labeled “ unhulled 
peanut-oil feed” and the ingredients given as peanut meal and 
hulls. 

Some of the most valuable protein concentrates, both commercial 
and farm grown, are now produced in the Piney Woods region in 
sufficient quantities to fatten a much larger number of cattle than _ 
are now produced. When it is considered that less than 10 per cent 
of the land is in cultivation the possibilities for feed production 
become apparent. 

SILAGE CROPS. 

Corn is the most generally used and most reliable crop for silage 
in that region and is considered superior to any other silage. From 

5 to 6 tons of silage is a fair average yield. On the richer lands and 
on lands well fertilized the yields run as high as 10 to 12 tons an acre. 
The long growing season permits corn planted the first of July to 
mature for silage and a crop of corn for silage commonly follows oats. 
Sorghum ranks next to corn as a silage crop and exceeds corn in 

the tonnage per acre. Sorghum silage is practically equal to corn 

silage in feeding value, although the latter is usually preferred. Sor- 
ghum in that section is a very reliable crop and is much more easily 
saved as silage than as hay. 

Corn-and-velvet-bean silage has been used in a very limited way 
because of the difficulty of cutting the crop and removing it from 
the fields, but where the crop has been utilized in this manner it has 
met with instant favor. The silage is dark in color but of excellent 
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quality and is eaten greedily by cattle. Since the beans are later in 
maturing than the corn, the corn is left until well matured. The dry 
fodder improves the keeping quality of the beans so that the silage 

does not become rank and black as does silage made from a legume 
alone. The velvet bean increases the protein content of the silage tc 
a marked degree and the analysis would indicate a higher feeding 
value than corn or sorghum alone. Early varieties of beans are sown 
when the crop is to be harvested as silage, as they are more nearly 
mature at the time the corn is ready to cut and the vine growth does 
not interfere so seriously in removing the crop from the field. 

Table 6 gives the analysis of a single sample of corn-and-velvet- 
bean silage as compared with analyses of corn silage and sorghum 
silage, 

TABLE 6.—Analyses of corn-and-velvet-bean silage as compared with silage 
made from corn and from sorghum. 

Constituents. é 

Number Carbohydrates. 
Kind of silage. of 

analyses. fee Crude 
Water. Ash. protein. Bota Nitrogen Fat. 

fiber. Eee 
extract. 

Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
Corn and velvet beans1........-- 1 BSC 1.0 3N5 i 15.6 0.7 
Corn 2 (well matured).......-..-- 121 73. 7 Te7, 2.1 6.3 15. 4 .8 
IS ORG EUIN 2 eee on ene epee os 30 77.2 1.6 1.5 6.9 11.9 .9 

1 Analyzed by the Bureau of Chemistry, U.S. Department of Agriculture. 
2 Analyses from Henry and Morrison. 

Table 6 shows the analysis of corn-and-velvet-bean silage to be very 
similar to corn silage and sorghum silage except that there is a very 
marked difference in the quantity of crude protein. The crude- 
protein content is more than double that of sorghum silage and 
nearly double that of corn silage. The crude-fiber content is also 
very low and is less than that of either sorghum or corn silage. The 
analysis would indicate a higher feeding value for corn-and-velvet- 
bean silage than corn or sorghum silage alone. 

Japanese cane has been used to some extent as a silage crop because 
of its heavy yields, but it has not been generally satisfactory. This 
crop bears no grain and the silage is low in crude-protein content 
and somewhat high in fiber content. The silage is usually of poor 
quality and not equal to corn or sorghum silage in feeding value. 

RECOMMENDATIONS FOR WINTER FEEDING. 

Roughages should be used to the fullest extent as winter feed. 
Provision must be made for feeding at least 3 months and the use 
of large quantities of roughage is the most economical method of 
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wintering cattle. Every effort should be made to increase the pro- 
duction of forage crops, especially the legume hays and silage crops. 
To save roughages properly in that region, where summer rains are 
frequent and the moist atmosphere favors rapid spoiling in the field, 
more attention must be given to storing under cover. Sufficient mow 
space should be provided in barns to store all hays. 

Silage may be made largely regardless of any weather conditions. 
Practically the entire feeding value of a plant is utilized when stored 
in the silo; this is a particular advantage with corn, which is the 
most reliable silage crop grown in the Piney Woods. 

Corn is cut for silage at a time when the plant has the highest 
feeding value. In the case of the rank-growing southern varieties of 
corn about half of the feeding value of the plant is left after the 
ear is removed. When fed as silage the entire plant is consumed 
without waste, but if the ear is snapped and the stalks left in the 

field the sustenance leaches away rapidly, much of the feed is 
trampled down, and only a small percentage of the feeding value is 
utilized. Cutting the corn and curing into stover give uncertain 
results unless it is protected from the weather. 

Corn and velvet beans make the greatest tonnage per acre of all 
silage crops grown in the Piney Woods and the silage has a very high 
feeding value due to the high protein content. The difficulty of 
harvesting the crop because of the heavy vine growth is the only 
obstacle to the general use of velvet beans as silage. 

Where lumber is so plentiful a silo should be on every farm where 
cattle are raised, but on inquiry of all owners of pure-bred bulls, so 
far as lists are available, it was found that less than 1 per cent were 
using silos. The silo is a most valuable piece of equipment for 
the cattle farm and should be constructed even before cattle are 
purchased. 

Velvet beans, in view of their adaptation to the region and the 
enormous quantity produced, should be the chief concentrated feed 
used. The value of this feed is not fully appreciated and a large 
proportion of the total acreage is now being used as pasture in a 
wasteful manner. Inquiry in every county of the Piney Woods 
brought out the fact that it is almost a universal practice to pasture 
all beans used as feed on the farm where grown. Most farmers 
provide no other feed for wintering cattle and many men use velvet- 
bean pasture in preference to silos. 

Velvet beans in the pod are equal in feeding value to wheat bran 
and have about half the value of high-grade cottonseed meal. Cer- 
tainly no farmer would allow his breeding cattle to run to the bin 
and eat their fill of bran or cottonseed meal. Turning stock cattle 

on bean fields means practically the same thing as giving them a 
fattening ration of a protein feed instead of a maintenance ration. 
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It must also be borne in mind that the grazing is the best when the 
cattle are first-turned on the pasture and gradually dwindles to 
nothing. This condition is always true in grazing velvet beans and 
is the opposite of what it should be for fattening cattle. For main- 
taining cattle the ration should be constant, with a limited quantity 
of concentrate and all the roughage they will eat. 

In an experiment at Collins, Miss., which has been previously 
mentioned, 78 head of mature cattle exhausted a 40-acre field of 

velvet beans in 28 days. It is evident that no measure of the yield 
of beans could be taken, but the estimated average of 500 pounds 
per acre was below the estimate of farmers accustomed to having 
beans picked from the field by the hundredweight. With an average 
of 500 pounds to the acre this field contained 20,000 pounds of 
beans, and if the beans were all consumed without waste the aver- 

age daily ration of beans was 9.1 pounds a head. This ration was 
about right for fattening cattle but was excessive for breeding cows, 
and the cows made an average daily gain of 1.25 pounds a head. 
From this experiment conclusions were drawn as follows: 

In view of the scarcity of labor and the high cost of picking beans the 

pasture furnished economical feed for fattening cattle. However, it would 

not appear profitable to turn stock cattle on velvet-bean fields yielding more 

than 500 pounds an acre unless they could be allowed to run on the field 

a short period each day, as the beans would be less efficiently used than if 

picked and hand fed. 

Where beans make a heavy yield, stock cattle should be turned 
on the field only 1 or 2 hours each day, depending on the ease with 
which the cattle can get a fill of beans. Late in winter and in 
spring the bean leaves and stalks do not supply roughage enough 
and some other roughage, such as the grass remaining on the range, 

should be fed as a filler. A reserve supply of beans should be picked 
to feed when the bean pastures fail, which usually happens when 
the cows are heavy with calf and need feed the most. 

Velvet-bean pasture may be used economically for fattening cattle, 

but steers should be removed when the pastures begin to fail, and 
should be kept on heavy feed until finished for market, leaving the 
remaining beans in the field to be cleaned up by stock cattle. 

The only method of completely utilizing the velvet-bean crop for 

winter feed is to ensile it. This clears the field in time to plant a 
cover crop of rye for winter and spring grazing; the carrying ca- 
pacity of a given acreage in feed crops may be doubled or trebled 
in this manner. By planting the early maturing varieties of beans 
which do not make a heavy vine growth the crop may be handled 
for silage without excessive labor. 

The velvet bean is so valuable as a feed that it should be utilized 
to the fullest extent. Production of the bean crop at a very low cost 
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does not affect its value as a feed after it is produced and is not a logi- 
cal reason for using it in a wasteful manner. 

Cottonseed meal should not be used as fertilizer until it has been 
fed to cattle. Enormous quantities of cottonseed meal are used in 

the Piney Woods as a direct fertilizer when it could be fed to cattle 

and fully 75 per cent of the fertilizing value recovered and applied 
to the land in the form of manure. : 

BUILDINGS AND SHELTER. 

Because of the short, mild winters cattle need little shelter and 

no expensive buildings are necessary. Cattle seek protection only 

Fria. 11.—An open shed for cattle on a Louisiana ranch. 

from the cold winter rains of December, January, and February 

and a dry place to lie down is all that is needed. Mature cattle 
should not be closely housed and cattle space under barns should 

be boarded up only on the side of the prevailing winds. 
Where the land is not heavy enough to be injured by trampling, 

cattle will do better if allowed to run in the open with available 
shelter when needed. Where velvet beans are pastured during win- 
ter, shelter should be provided, as exposure to cold rains causes the 
rapid loss of expensive gains. 

Figure 11 shows an inexpensive type of open shed used on a 

Louisiana cattle ranch. Such a shed provides all the shelter neces- 
sary. 

In the Piney Woods region, where rains make the curing of hay 
difficult, barns should have ample storage space to take care of 
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roughage for winter feed. Although lumber is plentiful, barns 
commonly follow ‘the sawmill or cotton-gin style of construction 
and provide little mow space except for baled hay. Figure 12 shows 
a barn of the hip-roof or truss-frame method of construction on a 
cattle ranch in Mississippi. This is an inexpensive type of cattle 
barn which has a large storage space for loose hay. Working plans 

for constructing the barn may be obtained on application. 

DISEASES AND PESTS. 

The cattle tick (Margaropus annulatus), which is the carrier of 
the disease known as Texas or splenetic fever, is the only pest that 
has been a real detriment to the development of the cattle industry 

Fig. 12.—Modern cattle barn on the experiment farm at Collins, Miss. With the 

exception of the roof this barn was constructed of used lumber from abandoned 

““dummy-line’’ trestles and mill timbers. Note the storage room above and the 

daylight underneath. 

of the Piney Woods region. The native cattle become immune from 
the disease through contracting it in a mild form as calves, but ma- 
ture animals brought in from Northern States or tick-free terri- 
tory are very susceptible. The disease appears in from 13 to 90 
days after exposure and is fatal in 90 per cent of the cases in mature 
susceptible cattle. The damage done consists of the loss of ani- 
mals from the fever, the extra feed needed to support the blood- 
sucking parasites, the penalty placed on quarantined cattle at the 
markets, and the prevention of the bringing in of pure-bred ani- 
mals for improvement of the herd. The total damage has been 
beyond reasonable estimate. In 1906 the Federal Government and 
State and local authorities began the systematic eradication of the 
tick and great progress has been made in recent years. The entire 
States of Mississippi and South Carolina are now released from 
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quarantine and the States of Louisiana, Alabama, Georgia, Arkansas, 
and Texas have compulsory State-wide dipping laws in effect. It 
is expected that the Texas-fever tick will be entirely banished from 
this region by 1923. Cattlemen contemplating the purchase or lease 
of lands should be familiar with prevailing conditions. Many 
local areas and counties are being released from quarantine from 
time to time and anyone contemplating the movement of cattle into 
the Piney Woods region should write to the Chief of the Bureau of 
Animal Industry, Department of Agriculture, Washington, D. C., 
for the latest regulations defining the territory. 

Mosquitoes and flies, which are often given as a serious objection 
to cattle raising, are not of any considerable economic importance in 

the Piney Woods region. 
Screw worms are prevalent in the western portion of the region, 

but the damage is avoided by dehorning and castrating animals in 
cool weather, when the flies are not active. : 

Anthrax or charbon is not prevalent, although it is known to occur. 

Regions which are low and swampy are much more subject to this 

disease than the dry, sandy pine lands. The disease may be pre- 
vented by vaccination. 

Blackleg occurs, but is no more prevalent than in other sections of 
the country. As a precaution young cattle should be vaccinated 
each year. 

Tuberculosis is a disease practically unknown among the native 

cattle. .This is no doubt due to the hardiness of the animals and the 
lack of close housing. With the eradication of the cattle tick there is 
no disease or pest that can be termed an economic barrier to beef- 
cattle production. Although the common diseases to which cattle are 
subject are present they are no more prevalent than in other regions, 
and the native cattle are subject to tuberculosis in a markedly less 
degree than northern cattle. 

In purchasing northern cattle for breeding purposes extreme care 
should be taken not to introduce tuberculosis into the herd. Regu- 
lations require the testing of cattle for interstate shipment, and cattle 
should be purchased subject to retest. 

WATER SUPPLY. 

Next to abundant pasture an abundant supply of water is an indis- 
pensable feature of desirable cattle range. Water must be had at 

any cost, and where the supply is not dependable from year to year 
the cost of deep wells is well-nigh prohibitive for the man with a 
small number of cattle. 

The natural water supply of the Piney Woods region is very 
abundant. The heavy rainfall supplies many springs, which furnish 
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a constant supply of running water in practically all pastures. 

Where the surface supply of water is not constant, an ample supply 
of water may be obtained from wells at a depth of from 380 to 50 
feet. In many places flowing artesian wells may be obtained, but at 
a greater cost than wells which strike the water table only. 
Although most of the Piney Woods region is well watered, many 

pastures are supplied by water holes only at the time when the 
pasture is at its worst. These water holes usually have a heavy clay 
bottom and should be enlarged into ponds deep enough to prevent the 
eattle from fouling them by standing in the water, and large enough 
to hold water for any emergency. 

In the flatwoods and sandy sections wells and storage tanks should 

be provided to prevent cattle from going long distances to water. 

MARKETS. 

The cut-over pine lands of the South naturally do not have great 
cattle markets such as have been built up in cattle-producing sec- 
tions. As wne lumberman expressed it: “ We would not build our 
sawmills and wait for the timber to grow and we can not expect to 
have big packing plants until we raise the cattle.’ Many small 
plants are operating, however, and the large packing-house com- 
panies are enlarging their establishments at the southern markets in 
anticipation of the eradication of the cattle tick. 

Some cattle are shipped from South Carolina and Georgia to Rich- 
mond and Baltimore, but most of the cattle from Florida and south- 

ern Georgia go to the Jacksonville market. Some Florida cattle are 
still exported to Cuba from Tampa. Most fat cattle from Alabama, 
Mississippi, and Louisiana go to the St. Louis, New Orleans, and 
Fort Worth markets. Packing plants at Jacksonville and Chipley, 
Fla.; Moultrie and Macon, Ga.; Andalusia, Mobile, and Birmingham, 
Ala.; Natchez and Vicksburg, Miss.; and New Orleans and Baton 
Rouge, La., are having a stimulating effect on the cattle industry of 
the region. 

The Piney Woods region is well supplied with means of transpor- 
tation. Lumber operations on a large scale necessitated the building 
of many railroad lines which interlace the whole territory, and it is 
not necessary to make long drives to a shipping point in any section. 
Moreover, bad wagon roads make it a distinct advantage to market 
home-grown feeds through cattle. : 

Figure 13 shows the distance to the principal markets from a cen- 
tral point in the cut-over region and the location of packing plants 
under Federal inspection. 

EXPERIMENTAL WORK OF IMMEDIATE IMPORTANCE. 

The changes and developments in the beef-cattle industry of the 
Piney Woods are so recent and unexpected that very few improved 
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methods of management have been applied even in a particular 
locality. Practically no cattle farms or ranches have been estab- 
lished long enough to be pointed out as practical demonstrations. 
The question, “ How long have you used a pure-bred bull?” was 

Fig. 13.—Location of principal southeastern markets and packing plants. 

asked of every owner of a pure-bred bull in the Piney Woods, so 
far as lists were obtainable, and the average length of time given 
in the answers was less than 4 years. Four years is hardly time 

enough to put a cattle farm on a paying basis. 
The crop rotations are not limited to corn, oats, wheat, and clover, 

or similar rotations, as is common in most cattle-producing sections, 
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where certain general practices become well established. So great 
a variety of feed and forage crops is grown that men on adjoining 
farms may follow different methods in the management of their 
cattle, each advocating his method as the best. Therefore the de- 
mand for definite information concerning the region is insistent. 

In answer to questionnaires 51 per cent of the lumbermen who 
did not already own cattle stated they were interested in the pur- 
chase of cattle to put on their lands. In entering the cattle busi- 
ness in this region, however, each man has to do his own experi- 
mental work according to his individual needs, because of the 
lack of any other source of information. Such information as the 
private owner may obtain, even though it is accurately recorded, 
is not available to the public and its value is lost. Many prob- 
lems must be worked out locally by the individual, but such prob- 
lems as the improvement of the pastures and the utilization of 
velvet beans are of such general importance that immediate experi- 
mental work is imperative. Other problems necessarily are con- 
nected and should be worked out at the same time. 

Pasture problems involve the practical application of the present 
agronomic knowledge of the pasture plants adapted to the Piney 
Woods. Accurate data are needed concerning the relative merits of 
these plants as determined by methods of establishment, cost of estab- 
lishment, ease of maintenance, and productive value when grown on 
a scale sufficient for the commercial production of cattle. Methods 
must be worked out to protect the desirable pasture plants now found 
on the range, and to facilitate their reseeding and natural spread so 
that wire grass and broom sedge may be replaced. 

Feeding problems involve the use of home-grown feeds for winter- 
ing cattle and fattening for market. The economical use of velvet 
beans, silage, and legume hays is of particular importance. 

The problems of herd management under Piney Woods conditions 
involve systems of breeding, handling the herd, methods of summer- 
ing and wintering, prevention of disease, and marketing, on all of 
which accurate data must be obtained before the business in that sec- 
tion can be conducted on a safe basis. 

ADDITIONAL COPIES 

OF THIS PUBLICATION MAY BE PROCURED FROM 

THE SUPERINTENDENT OF DOCUMENTS 

GOVERNMENT PRINTING OFFICE 

WASHINGTON, D. C. 

AT 

15 CENTS PER COPY 





No. 875. 

LINNEAN SOCIETY OF LONDON. 

GENERAL MEETING. 

6TH May, 1920. 

Dr. A. SuirH Woopwarbp, F.R.S., President, 

in the Chair. 

The Minutes of the General Meeting of the 15th Apvil, 1920, 

were read and confirmed. 

The report of the Donations received since the last Meeting 

was laid before the Fellows, and the thanks of the Society to the 

several Donors were ordered. 

Mr. Arruvur LioneLt Goopday was admitted a Iellow. 

Mr. Wiurt1aAm Henry Kircuine, Mr. CuintamMan MawapEr 

TemBe, Mr. Rowiranp Maurice Ricuarps, The VicoMTE DE 

Srsour, F.Z.S., Mr. Rusrom Hornwnasgi Dastur, B.Sc. (Bombay) 

and Mr. Joan WiLi1am BopGeEr, were proposed as Fellows. 
7 

Certificates in favour of the following weve read for the second 

time :—Mr, EpMunb Gustavus BLooMFizLD Mrapre-Watpo, Myr. 

Pyart Monan Depsarman, B.Sc., Prof. Orro Vernon Darsi- 

sHIRE, B.A., Ph.D., Mr. Witt1am Rickatson Dyxes, M.A.(Oxon.), 

L. és L. (Paris), Prof. SHanxarn PurusHotram AGHARKAR, M.A., 

Ph.D., Dr. Joun WisHart, Capt. Eric Firrca Daguisu, Ph.D., 

Mr. Bertram Hrenry Buxron, and Prof. Orro RosENHEIM, Ph.D., 

F.C.S. 

The following were balloted for and elected :— 

Fellows: Mr. Sypnry Prercy-Lancaster, F.R.H.S., Mr. HERBERT 

Witii1aM Pucsiey, B.A.(Lond.), Mr. JosnruH GmER-Cooper, 

Miss Lucy Enien Cox, B.Sc.(Lond.), Dr. Grorcr Kern- 

NETH SUTHERLAND, M.A., Mr. Harry Bertram Harpine, 

F.RM.S., and Mrs. ELinornk Egerton Harpe, 
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Foreign Members: Prof. Gaston Bonnier, Prof. Victor FERDINAND 

_Brornervs, Prof. Giovanni Battista DE Tont, Prof. Lovis 

Douro, Prof. Paut Marcuat, and Prof, Rotanp THAXTER, 

Ph.D; 

The President remarked upon the recent issue of two new 

volumes of the Ray Society, which were shown on the table, namely, 

‘British Orthoptera,’ by Mr. Lucas, and the first volume of the 

‘ British Charophy ta,’ by Mr. Groves and Canon Bullock-Webster. 

The following auditors were proposed, and elected by show of 
hands :— 

For the Council: Mr. E. T. Browne, 

My. Stantey Epwarps. 

Por the Fellows: Mr. T. A. Dyxtxs, 

Mr. R. Pavurson. 

Dr. G. P. Broper, F.L.S., read three communications on 

Sponges, of which the following abstract was supplied by the 
author :— 

(1) “The Fragrance of Calcinean Sponges.”—Clathrinide have a 

noticeable aromatic scent. probably due to the excretory granules 

which give their bright colours. These granules especially surround 

the pores. May this be to attract thespermatozoa? J have not seen 

the fine-lashed spermatozoa of Poléjaeff, but in Sycon have observed 
a stifftailed organism—possibly the result of curious gregarine-like 

objects produced in cells resembling gonocytes. The algee, which I 

described as the food of collar-cells, Dendy calls sperm-morule and 

the cell-feces spermatozoa—interpretations which seem improbable. 

The “ sperm-balls ” of Clathrina may be the same alga. In Guancha 

coriacea I observed the “minute wandering cells” escaping as a 

cloud; probably these are spermatozoa. 

(2) “Synerypta spongiarum” (wrongly assigned to Pandorina in 

my MS.)I giveas a name to the “alga” above-mentioned. IJ sugyest 

that it is a dangerous parasite, against which Grantia compressa has 

a successful phagocytosis, but that certain other sponges are hosts 

for its Palmela stage. 

(8) “ Notes on the Physiology of Sponges.’’—(A) Cercids, proposed 

as a name for the “ minute wandering cells.” (B) Cessation of the 

ewrent in sponges, (C) Differences between Calcinea and Cal- 

earonea in their porocytal granules and odour. (D) The excreta of 
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collar-cells are gelatinous globules containing dark particles. _Pro- 

bably Dendy is right in comparing these to the “spermatozoon-heads ” 

of Poléjaeff, which may be the ultimate residue of victorious phago- 
eytosis. (KH) Origin of sponges, Archeeocytes may haye been 

differentiated into external excretory cells and internal reproductive 

cells; the former engulfed cercids, but only to pass them on to the 

latter. Dy abbreviation of this process the excretory cells may have 

become self-perforating porocytes, which were then adapted to supply 
water to flagellate cells in the centre of a Protospongia-like colony, 

thus converting it into an elementary Olynthus. 

The discussion which followed was maintained by Prof. Drnpy, 
Mr. Harontp Russet, and Mr. J. B. Garensy (visitor), the author 

replying. 

Mr. Epwarp J. BEpDForp showed a series of thirty exquisite 
water-colour drawings from British Marsh Orchids, with their 

numerous varieties and hybrids, further illustrated by 70 lantern- 

slides from his photographs of the growing plants im seu, and 

enlarged views of the lip, front and side view. 

Mr. H. W. Puestey and Mr. T. A. Dymus contributed further 

remarks; the latter exhibited a series of fruit capsules, and remarked 

on the characters afforded by these variable plants, in their fruits and 

seeds; Mr. Bepronp briefly replying. 

The next Murrine will be the ANNivursaRry, to be held on 

THurspay, 27th May, 1920, as previously announced on the 

Card of Meetings. See Special Notice enclosed. 

The GrnuraL Merrine following the Anniversary will 

be held on THurspay, the 5rd Jun, at 5.0 p.m. 

COMMUNICATIONS. 

1. Mr. R. Swarnson-Hatr, F.L.S.—Exhibition of 50 drawings 

of the Oil-pali, Eleis guineensis. 

2. Mr. A. Wurrennan, B.Se:—Objects observed in the neigh- 

bourhood of Basra, during the war, with lantern-slides. 

(Communicated by Mr. H. Finpon, F.1.8.) 
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3. Prof. W. J. Daxry, }'.U.8S.— Whaling in the Southern 

Ocean—lantern-slides. 

The General Meeting to be ‘held on the 17th June will be 

devoted to a celebration of the Centenary of Sir JosEPH 

Banks, Bt. (1743-1820), with essays on various aspects of his 

life-work, and an exhibition, followed by a dinner. 

IMPORTANT NOTICES. 

The Council are compelled to call attention to the great 

increase in the cost of paper and printing, consequently it is 

urgently requisite that all papers should be condensed, and 

limited so far as possible, to the description of new results. 

All parcels must now be PREPAID. Fellows are 

therefore requested, when writing to borrow volumes from 

the Society’s Library, to remit the cost of carriage or to 

open a small Postal Deposit Account with the Treasurer. 

Authors may have printed abstracts of their papers in slip 

form, by handing in their manuscript not less than fifteen days 

previous to the date of the Meeting at which they are appointed 

to be read; these abstracts should not exceed 209 words in 

length. 

BS, GOODRICH, | ere 
A. B. RENDLE, 
B. DAYDON JACKSON, General Secretary. 



y BULLETIN No. 828 
Contribution from the Bureau of Plant Industry 

WM. A. TAYLOR, Chief 

Washington, D. C. PROFESSIONAL PAPER May 10, 1920 

BACTERIAL WILT OF CUCURBITS. 

By Freperick VY. Ranp, Assistant Pathologist, and Etta M. A. Entows, formerly 

Assistant Pathologist, Laboratory of Plant Pathology. 

CONTENTS. 

Page. | Page 

Daya OIRO pcs Ses ae eng tee ee os en 1k virimlenceipestssaa-a asa. so eee ein tee 25 

Summer transmission of wilt...............-- 2alasomehost relatlonsessesd coe ase eeu 31 

Winter transmission of wilt.........:...2---- 16 | Distribution of bacterial wilt................- 34 

Relation of the wilt bacteria to cucumber COL ae 0) Esse SS AN ca AG Oe a te a 36 

IDEStlesa yes vos tet eemran is el ero ee QU Samm ary ie ee OS ee a ea ae 41 

FOREWORD. 

The studies of the writers on bacterial wilt of cucurbits (caused by 
Bacillus tracheiphilus Erwin. F. Smith), published in 1915 and in the 
spring of 1916, have been continued durimg the past three seasons. 
The previously published work! demonstrated that the striped cu- 
cumber beetle (Diabroticavittata Fab.) and also the 12-spotted cucumber 

beetle (D. duodecimpunctata Oliv.) are the most active and probably the 
only summer carriers of this bacterial wilt in the localities investi- 
gated. Some evidence was given that the striped cucumber beetle 
may be also a winter carrier.? It was shown that the soil had no 
relation to the disease either as a source of early spring or of summer 
infection. Seed from wilted plants in all cases failed to transmit the 
disease, and all attempts at infection through the stomata gave 
negative results. A fair degree of control was obtained by early 
treatments with Bordeaux mixture and lead arsenate combined, and 
it was shown that this control was related not only to the repellent 
and insecticidal qualities of the mixture, but also to a direct bacte- 
ricidal action upon the wilt organism. 

The present paper deals with further studies of the relation of soil 
and insects to the distribution and control of the disease, and includes 
also a portion of our work with the causal organism itself. 

1 Rand, F. V. Dissemination of bacterial wilt of cucurbits. (Preliminary note.) In Jour. Agr. Re- 

search, v. 5, no. 6, p. 257-260, pl. 24. 1915. 

Rand, F. V.,and Enlows, EllaM.A. Transmission and control of bacterial wilt of cucurbits. In Jour. 

Agr. Research, v. 6, no. 11, pp. 417-434, 3 figs., pl. 53-54. 1916. 

2 Other species of Diabrotica have not been tested. 

142179°—20—Bull. 828——1 
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SUMMER TRANSMISSION OF WILT. 

DIRECT INSECT TRANSMISSION EXPERIMENTS. 

The earlier experiments on insect transfer of the wilt disease have 
been repeated many times during the past three years (1916-1918) 
with results similar to° those already published. As an example of 
the method used the following details may be given: 

September 17,1916. Twelvesquash bugs (Anasa tristis De G.) were fed four daysupon 

cucumber plants wilted from pure culture inoculation. Two bugs were then caged 

(Pl. I) with each of six healthy cucumber plants for two days, during which time they 

were all observed to have fed. The plants at this time had become slightly flabby as 
a direct result of the insect feeding. However, this condition practically always 

results from squash-bug injury to young cucumber plants and is in no way connected 

with bacterial wilt. Cultures and microscopical examination in such cases fail to 

show bacteria present; the flabbiness often begins to appear within a few hours after 
the bugs start feeding, while wilt at the very earliest does not appear sooner than three 

to five days after inoculation; this flabbiness at once affects the plant as a whole, 
while in the bacterial disease the wilting is progressive from the point of inoculation; 
and finally, unless too far gone, plants always recover their turgor after the squash bugs 
are removed, while vigorous young cucumber plants inoculated with virulent strains 
of bacterial wilt have never been known to recover. In this experiment the squash 
bugs were all removed after two days and the plants soon regained their turgor. Al- 

though under observation until October 13, no wilt developed. This experiment was 
repeated many times with like results. 

The squash lady bird (Epilachna borealis Fab.) was tested in 10 or more further sets of 

experiments, but no wilt ever followed its injuries to healthy cucumber plants, and 
negative results were obtained by inoculation with intestines of wilt-fed individuals 
(see p. 24). 

The cotton aphis (Aphis gossypii Glov.) and the potato flea-beetle (Epitrix cucumerts 

Harr.) were also retested by similar methods and the negative results confirmed by 

observations in the experimental fields. Furthermore, in the field cage experiments 

they have always had access through the wire netting to the cucurbit plants within, 

but have never carried the disease from the numerous wilt cases in the surrounding 
field. These observations corroborate the results of the direct experiments. 

During August, 1917, honeybees (Apis mellifera L.) were collected atrandom from the 
experimental cucurbit field where wilt was prevalent, and many were taken directly 

from blossoms of wilting vines. One to several bees were placed in 15 large cages 
containing cucumber or cantaloupe vines (Pl. II, fig. 1). No wilt followed in any 
case. Jt might be noted in passing that the cucumber fruit set very much more freely 

in these cages than where bees were excluded. 

These five different species have all given constantly negative 
results, while the striped and 12-spotted cucumber beetles tested in 
the same way have repeatedly given positive results. For example, 
using the striped beetle in 10 direct experiments (1916 and 1917) 
similar to the one detailed above for the squash bug, 7 out of the 10 
tests gave positive results. In these cases the beetles were fed upon 
wilted leaves and then caged with cucumber plants for a sufficient 
length of time to determine the result. These experiments were 
entirely separate from the successive infection experiments detailed 
later (cf. p. 21, 22). The 12-spotted cucumber beetles have not 
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been tested so fully, but sufficient work has been done to show that 
they are also capable of direct wilt transmission. 

TRANSMISSION FROM RANDOM COLLECTIONS OF BEETLES. 

Collections of striped cucumber beetles and 12-spotted cucumber 
beetles taken at random in the fields have given widely varying 
results as to wilt transmission according to time of year, prevalence 
of wilt, amount of territory devoted to cucurbits, and length of time 
the beetles had fed since attaining the adult stage. In eastern Long 
Island from the first collections of early spring only an occasional 
striped beetle has proved to be a wilt carrier. Later in the season 
some collections have shown a large percentage capable of spreading 
the disease. For example, on September 1, 1916, striped beetles 
were collected at random in a cucurbit field and several put into each 
of four beetle-proof cages containing healthy cucumber plants. Many 
of the vines in each of the cages contracted bacterial wilt, so that at 
least one of the beetles introduced into each cage must have been a 
wilt carrier. About two weeks previously six beetles collected in the 
same locality failed to give infection. In this locality late cucumbers 
constitute one of the main crops. 

However, in the trucking sections around the District of Columbia 
late cucurbits are rather the exception, most of these crops being 
planted there in early spring. In that locality random collections 
from. the field have given a much smaller percentage of infection, 
During the summer of 1917, at Tuxedo, Md., from five to seven large 
insect cages were kept constantly as storage cages for both species of 
cucumber beetles. Healthy plants grown in the cages and healthy 
potted cucumber plants brought frequently from the greenhouses at 
Washington, D. C., were kept in the cages as food for the beetles. 
Collections of beetles made at frequent intervals from fields where 
wilt was present were placed in these cages, but throughout the season 
only two cases of wilt occurred in these cages. In many instances 
the beetles were taken directly from wilting vines. 

Twelve striped beetles, among the first of the season found, were 
collected May 20, 1918, in an early cymling field at Kenilworth, D. C. 
Careful search over the field failed to reveal any cases of wilt. These 
beetles were caged for four days with 10 cucumber seedlings, after 
which the plants were held for observation in a beetle-free cage. On 
June 4 two of the ten plants had wilted. Cultures were made and 
Bacillus tracheiphilus was isolated and tested by successful inocu- 
lations. 

In a large collection of striped beetles made at Norfolk, Va., about 
October 1, 1916, wilt resulted in one out of several cages among which 
the beetles were distributed. 

In most instances only a very small proportion of the cucumber 
beetles present in a field actually carry infection. 
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The truth of this statement is seen at once when one thinks of the 
large numbers of beetles often present in a field during their maximum 
prevalence. If any considerable proportion were carriers of wilt not 
a single plant could escape infection at some time during the season. 

WILT CURVES VERSUS BEETLE CURVES. 

In a preceding publication? by the writers a discussion was given of 
the records of striped-beetle prevalence versus wilt prevalence (1915) 
in three experimental fields at East Marion, Long Island (fig. 1, 
Fields I, II, and f1T). The graphs here reproduced (fig. 2) show that 
a definite relation existed between rise and fall in beetle and wilt 
curves under two sets of conditions in which the beetles, appearing at 
widely different dates, were the variable environmental factor. No 
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Fic. 1.—Map of northeastern Long Island, showing location of experimental fields I to IV and of wilt 

sequence records in fields Ito XVI. The arabic numerals show the sequence of wilt appearance during 

the spring of 1916. (Map drawn by Wayland C. Brown, formerly of the Bureau of Plant Industry.) 

direct relation to meteorological conditions could be found. In all 
three fields about one month intervened between the maximum 
prevalence of striped cucumber beetles and of bacterial wilt. 

The wilt records of 1915 were made by counting at each date of 
observation all living cucumber plants infected with wilt and includ- 
ing not only all new cases but also any wilted plants that might have 
lived over from the time of the previous count. It was thought pos- 
sible that by this method some cases might have been counted more 
than once, thus moving the maximum of the wilt curve forward too 
far. Therefore, during the following season (1916) in the same 

locality much more careful records were kept of both beetle and wilt 
prevalence in Fields II and Ia (figs. 1 and 3). At each date of beetle 
observation an area one-tenth the size of the whole field was measured 
off, and so far as possible all striped cucumber beetles in this area were 

1Rand, F. V., and Enlows, Ella M. A., 1916. Op. cit., p. 420-423. 
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Fig. 2.—Comparison of the amount of wilt with the prevalence of the striped cucumber beetle and with meteorological phenomena in Fields I, II, and III, East Marion, 
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(For the beetle curves, maximum prevalencé is indicated at 100 per cent, regardless of the actual numbers present.) 

Long Island, N. Y., season of 1915. 
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counted. ‘These figures were in each case multiplied by 10 to give 

the assumed actual number of beetles in the whole field at each date, 

and these totals were used in plotting the curves. Obviously it 

would be impossible to make these figures absolutely accurate, but 

the counts were carefully made, always by the same person, and were 

checked up by general observations over the field; and there is no 

doubt that the figures are comparable for purposes of plotting the 

curve. 

Tn the case of the wilt records, each plant showing wilt was marked 
by a stake dated when the disease was first observed, and careful 
records were kept by row, hill, and plant, so that a wilted plant was 
counted once and only once. These records were as accurate as it 
was possible to make them. 

During the summer of 1917, similar careful records were kept in the 
experimental field near Tuxedo, Md. The cucumber and cantaloupe 
spray blocks and the cucurbit variety block were all contained in one 
rectangular field of 14 acres, and the beetle and wilt records cover this 
field as a whole. In the graphs (fig. 4) made from these figures the 
wilt is expressed in actual number of new cases at each date of obser- 
vation, and the beetle prevalence is given in percentages, 100 per cent 
representing the maximum number of beetles for each brood. 

Similar records also were kept (1916) of beetle and wilt prevalence 
in two experimental fields at Giesboro Point, D. C. (fig. 5; XI, XVID), 
with records over a part of the season in several other fields in the same 
locality; and records for two other fields at East Marion, Long Island, 
were made. 
A detailed discussion of the beetle and wilt records follows: 

In Fields I and II (figs. 1 and 2), East Marion, 1915, the striped-beetle curve shows 

that the maximum covers several days during the last of June and first of July, while 
the maxima of the corresponding wilt curves cover the last few days of July, almost 
onemonth later. In Field III, though planted only three days after Field I, thestriped 

beetles were much later in appearing. Here the maximum of the beetle curve is about 

the first of August and the maximum of the wilt curve the last few days of August, 
almost a month later. Fields I and III were less than a quarter of a mile apart; in 
fact, both were a portion of one larger field, so that the meteorological conditions were 

similar, yet the wilt curves in the two cases were approximately a month apart. In 

Fields I and II the maxima of the wilt curves came just before the greatest rainfall of 

the season, while in Field III the reverse was true. No definite relation between the 
wilt and the temperature or rainfall could be detected in any case. Thus in these 

three fields wilt prevalence bore a clear and definite relation to striped-beetle preva- 
lence rather than to weather or to time of planting. 

At East Marion (L. I.), N. Y., in 1916 (figs. 1 and 3) the maximum of the striped- 

beetle curve for the first brood occurred about June 26, while for the corresponding 
Fields, II and Ila, the wilt-curve maximum occurred, respectively, around July 27 
and 29, about one month later. As shown in the graph, downy mildew (Pseudo- 
peronospora cubensis) appeared early in August and during the rest of the month, 

while the summer brood of striped beetles was making its appearance, gradually 
destroyed the vines in our experimental fields. No evidence of another brood was 
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BACTERIAL WILT OF CUCUBBITS. 9 

found in this locality. Referring to the beetle curve for the hibernating brood (fig. 3), 
it will be seen that on June 14 and again about June 21 there was a sudden drop in the 
number of striped beetles. On looking over the daily notes after plotting this curve, 
it was found that on June 13 the beetles were so numerous as to threaten total destruc- 
tion to the young plants, and an application of a dust insecticide and lime mixture was 
made to all the plants in the field. Just before the second drop in the curve the first 
Bordeaux and lead-arsenate spray treatment of the season had been carried out, and 
in addition the same insecticide had been applied to all control plots. At the same 

time that the number of beetles decreased in Fields II and Ila a decided increase was 
noted in Field IV, about a quarter of a mile distant. In Fields IT and Ila the max- 
imum wilt came just after a period of heavy rain and high humidity, while in Field II 
and one other field during 1915 the maximum wilt came just before the period of 
heaviest rainfall and after 
a period of comparatively 
low humidity and rainfall. 
Again the relation be 

tween beetle and wilt 
curves holds, the one fol- 

lowing the other at an in- 
terval of about one month. 

During the same season 

(curve not plotted) records 
of the number of beetles 
and the amount of wilt 

were also kept for two 
other experimental fields 
in East Marion. In Field 
I (fig. 1) the maximum of 

the beetle curve occurred 
about June 28 and that of 

the wilt curve about Au- 
gust 1. In Field IV the 
Inaximum of the beetle 
curve occurred near June 
26 and the wilt maximum + ° 

about July 27. 

During the season of 
a RCAD 

A BS a A Dele ae ae GS 
1916 the records at Gies- 

boro Point, D. C. (fig. 5), Fie. 5.—Map ofa portion of Giesboro Point, D. C., where wilt-sequence 
showed this same relation. records were kept during the spring 0f1916. The roman numerals 

show the location of the fields; the arabic numeralsshow the sequence 
In Field XI, planted 6s ine wilt. 
about April 25, the maxi- 
mum oi the first brood of beetles occurred June 12, while the maximum of wilt preva- 
lence came exactly one month later. In another of our experimental fields (XVI) 
the maximum of the beetle curve came between June 15 and 20, while the corre- 
sponding wilt-curve maximum occurred about July 21. Here the first planting was 
made April 25, but only a few seeds came up and most of the vines were irom a second 
planting made May 21. The month preceding the period of maximum wilt preva- 
lence had been very dry, with only light showers, but this period was immediately 
followed by several days of heavy rain, during which time the downy mildew 
obtained a foothold, so that after July 28 no additional wilt records could be kept. 

Partial records in this locality were also kept for about a dozen other fields of cu- 
cumbers, cantaloupes, and varieties of summer and winter squashes. While the data 
for complete graphs of both beetles and wilt are not available in these last cases, the 
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portions of the curves made show the same relations as in the instances where com- 

plete records were kept. In general, the earlier planted fields developed their max- 

imum wilt prevalence before the later planted fields, but with afew notable excep- 
tions. Thus four out of six cucurbit fields planted between April 25 and May 1 de- 
veloped their maximum wilt between June 23 and 30, while four out of five fields 

planted after the first of May (mostly between May 15 and 20) developed their max- 

imum wilt about the middle of July. Of the exceptions, one field planted April 25 

and one planted May 15, each gave their maximum wilt on July 5. Reference to the 

notes in these cases showed the striped-beetle maximum in both fields to have come 

early in June. Furthermore, one cucumber field planted April 20 to 25 had its max- 

imum beetle prevalence June 12, and its maximum wilt came July 12; another cu- 

cumber field planted May 21, with beetle maximum between June 15 and 20, had its 

wilt maximum July 21. While wilt prevalence usually reached its maximum first 

in the earliest planted fields, there were these instances where it did not, and in these 

exceptional cases it was found the beetles had been late in making their appearance. 

Thus again the wilt prevalence has followed the striped-beetle prevalence rather 

than the time of planting or the weather conditions. 

Finally, during the season of 1917, careful counts were kept of beetle and wilt 

prevalence (fig. 4) in our experimental field near Tuxedo, Md. Here the hibernating 
brood of striped cucumber beetles reached its maximum numbers June 25, while 
the wilt in this field of 14 acres reached its greatest prevalence July 21. A period of 

heavy rains preceded and followed the time of maximum wilt prevalence, and rain 

was fairly well distributed throughout the season. About August 10, the cucumber 

plants reached maturity and died. The field was replanted, but only about one- 

fifth of the seeds germinated. The young of the summer brood of striped beetles fed 
freely on these scattered seedlings, but no wilt was found. The young of a fall brood 

of striped cucumber beetles began to appear about the middle of September, but at 

this time all our cucurbits were either ripe or dead, so that their relation to the wilt 
was notobserved. Noattempt was made to determine the number of broods of the 12- 

spotted cucumber beetles, but the curve shows their general prevalence throughout 

the season. Except for short periods between the broods of the striped beetles, they 

were at no time present in as large numbers as the siriped species. 

As will readily be seen from the preceding statements and from a 
comparison of the three sets of graphs (figs. 2 to 4), the wilt curves 
always bear a definite relation to the beetle curves, approximately 
one month occurring between the maxima of beetle and wilt curves. 
Wilt prevalence does not in these cases show any relation to time of 
planting, humidity, or rainfall, and little or none to temperature. 

About one month appears in all these sets of curves between the 
maxima of beetle and of wilt prevalence. Yet cucumber plants 
usually wilt within less than two weeks after they are inoculated, 
and the results of a spray test (ef. p. 39) in one of the fields where 
these beetle and wilt records (fig. 3) were kept show that the great- 
est number of infections actually did take place within the preceding 
2-weeks period. Why, then, are the maxima of the beetle and wilt 
curves so far apart? Collating ail our experimental data and obser- 
vations concerning beetle and wilt relations, the explanation appears 
to be that early in the spring only a very small percentage of the 
beetles are wilt carriers. As the season advances and larger and 
larger numbers of cucurbit plants become wilted a correspondingly 
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larger and larger number of beetles have the opportunity to feed on 
diseased plants and so to become possible wilt carriers. Thus the 
maximum number of actual wilt carriers comes not simultaneously 
with the maximum beetle prevalence, but after that maximum; that 
is, at some time during the downward progress of the beetle-prevalence 
curve. . 

STOMATAL INFECTION. 

Since the last publication on the subject by the writers: further 
attempts at stomatal infection have given uniformly negative results. 
Unless the epidermis is wounded and the wilt organism introduced, 
infection apparently never takes place. 

SOIL INOCULATIONS., 

As reported in a previous article,” the only cases in which we have 
been able totransmit wilt through the soil have been those where heavy 
tap-water suspensions of virulent bacteria had been poured directly 
around the roots of potted plants. In these cases sufficient water 
was used so that it would immediately percolate through the soil 
to the roots, and some of the plants were root pruned on one side. 
Only a small percentage, even of the root-pruned plants, became 
infected, and examination of the roots of nonroot-pruned plants 
which had wilted usually showed injuries from transplanting, from 
nematodes, or from other causes. 

During 1916 and 1917 several further series of soil moculations 
on potted cucumber plants were carried out in a similar manner. 
The virulence of the heavy tap-water suspensions of the bacteria 
was established in each case by needle-puncture inoculations made 
just before pouring into the soil. Briefly, the results are as follows: 

March 31, 1916. All had been recently transplanted. (1) Not root pruned, 36 

pots, 2 plants to a pot; 22 per cent wilted. (2) Root pruned, 24 pots, 2 plants toa 
pot; 25 per cent wilted. 

April 19,1916. All had been transplanted. (1) Not root pruned, 30 pots, 2 plants 

to a pot, 23 per cent wilted. (2) Root pruned, 18 pots, 2 plants to a pot; 39 per cent 

wilted. 
April 19, 1916. All these plants were grown in the pots without transplanting. 

(1) Not root pruned, 36 pots, 2 plants to a pot, 2.8 per cent wilted. (2) Root pruned, 
24 pots, 2 plants to a pot, 29 per cent wilted. 

December 7, 1916. All these were old plants and not recently transplanted. 

(1) Not root pruned, 4 pots, 1 plant to a pot, no wilt. (2) Root pruned, 4 pots, 1 
plant to a pot, 50 per cent wilted. 

December 7, 1916. All these were young plants recently transplanted. (1) Not 
root pruned, 27 plants, 3.7 per cent wilted. (This plant showed the roots badly 
gnawed. Examination of the roots of 8 of the nonwilted plants jailed to show any 
root injury.) (2) Root pruned, 9 plants, 55 per cent wilted. (Examination of the 
roots of the 4 nonwilted plants failed to show root injury. In running a knife into 
the soil the main roots at least must have been missed.) 

1Rand, F. V., and Enlows, Ella M. A., 1916. Op. cit., p. 425. 

2Rand, F. V., and Enlows, Ella M. A., 1916. Op. cit., p. 423, 
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April 11, 1917. Not root pruned, but recently transplanted, and soil suspension 

poured on base of stem as well as into soil around plant; 72 plants, 61 per cent wilted. 

April 13, 1917. Not root pruned, but recently transplanted; 114 plants, 25 per 

cent wilted. 
May 27, 1917. Not root pruned, not transplanted; 20 plants, 2 plants to a pot, 

none wilted. - 

Averaging the percentages of infection for all these series of soil 
inoculations to potted plants, it is found that 17 per cent of all the 
nonroot-pruned plants became infected, as against 39 per cent of 
infection among the root-pruned plants. But most of the cucumbers 
had been recently transplanted, and where in these cases examina- 
tions were made of nonroot-pruned wilting plants, root injuries of 
some sort were usually found. In those cases where the plants had 
neither been root pruned nor recently transplanted, infections even 
in the presence of such enormous numbers of bacteria were rare. This 
evidence, together with that given in other portions of this bulletin, 
points to the conclusion that the wilt organism does not gain access 
to the uninjured roots of cucurbits and that under field conditions 
no infections at all come from the soil. 

VIABILITY OF THE WILT ORGANISM IN THE SOIL, 

In order to determine how long the wilt organism would remain 
viable in ordinary garden soil, heavy tap-water suspensions of the 
bacteria were poured on the soil in one corner of a greenhouse bed. 
Then at intervals tap-water suspensions of the upper 2 to 4 inches 
of this soil were made and sprinkled over the needle-punctured 
leaves of young potted cucumber plants. In no case did any of 
these plants contract wilt, although the control plants moculated 
by needle punctures with the original suspensions promptly suc- 
cumbed to the disease. Details of these experiments follow: 

December 4, 1916. Eight plants were inoculated within one-half hour after pouring 

the bacterial suspension on the soil. Up to December 30 no wilt had occurred on 
any of them, although all plants inoculated with the original suspension used in 

inoculating the soil became infected. 

January 8, 1917. Within one-haif hourafter pouring the bacterial suspension on the 
soil the thin mud thus made was directly transferred to all the leaves of eight young 
cucumber plants and numerous needle pricks made into each leaf. Atthesame time 
the tips of two other young plants with several pricked leaves were inverted in some of 

the water suspension of soil and bacteria, left in it for 24 hours, and then held for obser- 
vation. Three days after the soil inoculation another thin-mud suspension from it in 
tap water was made and sprinkled over the pricked ieaves of 13 young cucumber 
plants. All these plants were under observation for several weeks, but not a single 
case of wilt occurred. The control plants inoculated with the original bacterial 
suspension all wilted. 

January 18, 1917. Soil-suspension inoculations into the pricked leaves of eight 

young cucumber plants, made one-half hour after inoculating the soil, all gave nega- 

tive results. The control inoculations from the original suspension all gave positive 
results, 
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March 26, 1917. Some soil in a greenhouse bed was inoculated to the consistency 
of thin mud with a thick, milky suspension of wilt bacteria. After 12 hours 10 young 

cucumber plants were thoroughly wet down with a tap-water suspension of this soil 

and the leaves all needle punctured. No wilt occurred in any case, although the 
six control plants inoculated with the original bacterial suspension promptly wilted. 

For some reason the bacteria placed in our greenhouse soil have 
not retained their power to infect. This might be due to a too-great 
dilution of the bacteria, to their adsorption by the soil particles, or 
to injury or death from other antagonistic organisms, or from toxic 
substances in the soil. This phase of the problem is being further 
investigated. 

DO INSECTS BRING WILT FROM THE SOIL TO THE PLANT? 

Although cucurbit plants do not contract wilt directly from the 
soil under field conditions, the question was raised whether the wilt 
organism might not be brought up from the soil on the bodies of 
insects and introduced into wounds made by insects or other agencies. 
Such a method of infection is against conclusions drawn from careful 
field observations during several seasons in many localities, Fur- 
thermore, insects other than the Diabroticas have in all our tests 
failed to transfer the disease; and mechanical injuries to the vines 

‘resulting from storms, cultivation, and ether causes in fields badly 
infested with wilt during the current and preceding seasons have 
shown no relation to wilt infection. However, for the sake of clear- 
ing up this point definitely, the following greenhouse and field exper- 
iments were made. 

October 15, 1916. The soil in a large greenhouse bed was divided 
into eight compartments, each approximately 4 feet square, with solid 
board partitions at the base extending 2 feet into the soil and each 
compartment covered with 18 mesh wire netting over a skeleton 
frame (Pl. III). The soil was sterilized for one hour at 15 pounds 
steam pressure by the steam-pan method, to kill all insects present. 
This sterilization was repeated one week later to make the result 
doubly sure, and care was taken that every part of the soil was 
reached. The soil was allowed to stand three weeks and was then 
raked over with sterilized tools and thoroughly wet down in seven 
compartments with a heavy tap-water suspension of Bacillus tra- 
cheiphilus from 1-week-old beef-agar cultures grown in large flat cul- 
ture flasks. ‘The soil in compartment 4 was sprinkled with tap water 
only and held as a control. In the inoculation suspension 10 differ- 
ent isolations of the wilt organism were used. Before inoculation of 
the soil the virulence of this suspension was proved by needle-prick 
inoculations in the leaves of 13 potted cucumber seedlings, all of 
which promptly wilted. Arlington White Spine cucumber seeds were 
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then sown in the soil still wet with the bacterial suspension. Insects 
were then introduced as follows: 

Compartment 1. A total of 116 striped cucumber beetles previously shown to be 

free from wilt by feeding on cucumber plants which did not subsequently contract 

the disease. : 
Compartment 2. Miscellaneous insects (species of flies, lady bird, etc.) and angle 

worms and wireworms. 

Compartment 3. Squash bugs. 
Compartment 4. Control, without soil inoculation or insects. 
Compartment 5. Nematodes (Heterodera radicicola). Two buckets of soil from 

around nematode-infested tomato plants were thoroughly mixed with the soil, and in 

addition the infested roots and stems of several tomato plants were cut up and raked 

into the soil. 

Compartment 6. Seven wilt-free 12-spotted cucumber beetles. 

Compartments 7 and 8. Control on insects. Soil inoculated with Bacillus trachei- 
philus, but no insects introduced. 

Until the seeds had germinated, the beetles were fed on cut stems and leaves of 
healthy cucumber plants introduced into the compartments on pieces of heavy manila 

paper to keep the pieces from possible contamination by the soil. 

Eight days after sowing the seed the soil was reinoculated in the same manner as 

before with a suspension of Bacillus trachetphilus proved virulent by needle-prick 

inoculations into 31 potted cucumber plants, all of which wilted. 
On December 4, 1916, the young cucumber plants in all the compartments were 

thinned out and the soil loosened. In compartment 1, 85 plants showed beetle gnaw- 

ings on the true leaves, as did also several plants in No. 6. 

Again on December 7 the soil was inoculated with Bacillus tracheiphilus as before, 
using great care, however, to prevent the liquid from coming in direct contact with 
the plants. All control plants inoculated from this fluid by needle puncture wilted. 

About the middle of December, 25 striped beetles were counted feeding on the 

plants in No. 1, and 4 more wilt-free 12-spotted beetles were added to No. 6, where 

they were later seen feeding. 

This experiment was under almost daily observation from the time the seeds were 
planted (November 15, 1916) until January 11, 1917, and not a single case of bacterial 
wilt or anything suggesting it occurred during the whole time in any of the compart- 
ments. At this date the first crop of plants was pulled, and cucumber plants grown 
in sterile soil in pots were transplanted to the bed cage—six hills of three to four plants 

each to every compartment. Thesoil was then reinoculated with Bacillus trachetphilus 
as before. Up to January 29 the plants were fed upon by both species of cucumber 

beetles, but no wilt had occurred in any section of the cage. Six more small plants 
were then set out in compartment 1, cucumber seeds planted in all the compartments, 
and the soil reinoculated with Bacillus tracheiphilus as before. Up to February 9 no 
wilt had appeared, although plants in Nos. 1 and 6 had been fed upon, and Diabroticas 
were still alive in both compartments. Powdery mildew was now getting bad, so 
all plants in the bed were pulled and fresh plants grown in sterilized soil were set in 

each compartment. There were now six beetles in compartment 1 and one beetle in 
compartment 6. One week later the soil was reinoculated as before and, as in each 

preceding case, the virulence of the bacterial fluid was proved by needle-puncture 
inoculations. At this date 6 pots of cucumber plants were placed in compartment 
1 and 13 in compartment 6 and left for five days, at which time the leaves on every 
plant had been gnawed by the beetles. The plants were then removed for observa- 

tion. Three more potted plants were then placed in compartment 1, and after the 
leaves had been gnawed these also were removed and held for observation. No wilt 

occurred on any of these plants. 
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On February 17 and again on March 8 the soil was all respaded and each compart- 
ment set to plants grown in sterile soil and the soil in the bed reinoculated with 
Bacillus tracheiphilus as before. In no case did a singie plant in any of the compart- 

ments contract wilt, although the suspensions used in inoculating the soil were 
virulent, as shown by needle-punctured control inoculations. 

This set of experiments was discontinued about March 25, 1917, and the whole 

cage was taken up and removed to one of our experimental fields near Tuxedo, Md., 

where with the slight variations noted below the experiment was repeated. 

Compartment 1. Control. Soil not inoculated, but cucumber seeds sown. 
Compartments 2 and 3. Soil inoculated with a well-water bacterial suspension from 

4-day-old beef-agar cultures and sown to cucumber seeds while the soil was still moist. 

Compartment 4. A large number of cucumber vines freshly wilted from pure- 
culture inoculation were buried in- the soil just before sowing cucumber seeds. 
Compartments 5 and 6. Controls. Not inoculated, but cucumber seeds sown and 

wilt-free striped and spotted cucumber beetles introduced. 
Compartments 7 and 8. Soil inoculated and planted to cucumber seed as in Nos. 2 

and 3, but in these cases the soil had been drenched with formalin (1-320) two 

weeks previously to kill any insects and insect eggs and pupe present in the soil. 
In due season the seeds germinated, and the plants in all the compartments con- 

tinued healthy and vigorous. On June 15 the soil was again inoculated with Bacillus 
tracheipnilus as at first, and wilt-free striped and spotted cucumber beetles were 
introduced into all the compartments except the control, No. 1. 

Up to June 27 no wilt had occurred anywhere in the compartments and all the 

plants were pulled; the soil was reinoculated as before, immediately replanted with 

cucumber seed, and two days later more wilt-free cucumber beetles were added. 

Again on July 23 the soil was very heavily reinoculated. The cucumber plants 

were now in full bloom. No wilt had yet appeared. 

On August 22 the soil was again inoculated. Beetles were present in all the com- 

partments and the vines had been fed upon freely. The cage was under constant 

observation up to September 15, but at no time did any wilt develop. 

In this same field similar tests were carried out at varying intervals throughout 

the season, using three of the large cloth-covered cages (Pl. II, fig. 1). In two of 
these cages the soil was inoculated by bacterial suspension and in the third by bury- 
ing 24 wilted vines in the soil about 1 inch below the surface. In the latter case 
cucumber seeds were planted directly among these wilted vines. Wilt-free beetles 

were added to each cage and the soil was inoculated several times during the season. 
No wilt developed in these cages at any time. 

In all these experiments the virulence of the bacterial suspensions used was proved 

by needle-puncture inoculations into cucumber seedlings. 

In these numerous greenhouse and field tests where the soil was 
heavily inoculated with virulent bacteria or when freshly wilted 
vines were buried in the soil and where wilt-free cucumber beetles 
and other insects, nematodes, etc., were introduced with the cucum- 
ber seeds sown in these soils no single case of bacterial wilt developed. 
These results fully corroborate the findings from careful field obser- 
vations, namely, that bacterial wilt of cucurbits develops under 
field conditions only when introduced into the plant by human 
agencies or by cucumber beetles which have previously fed upon 
plants infected with the wilt organism. 
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WINTER TRANSMISSION OF WILT. 

BEETLE HIBERNATION EXPERIMENTS. 

As previously reported,' in some cases, at least, striped cucumber 
_ beetles are capable of carrying the wilt organism during six weeks’ 

artificial hibernation in cold storage. Several similar cold-storage 
tests have been carried out since that report. Striped beetles both 
of the hibernating and summer broods were used, and the conditions 
of temperature and humidity were varied in different sets. How- 
ever, in no case have we been able to keep the beetles alive for a 
longer period than six weeks. 

Experiments of 1916.—It was thought possible that better success 
might be obtained if the beetles were allowed to hibernate under 
more natural conditions. Accordingly, i eastern Long Island during 
September and early October, 1916, about 4,000 cucumber beetles 
(mostly Diabrotica vitiata) were collected, and 150 to 300 were intro- 

duced into each of 20 large wire-covered cages (Pl. II, fig. 2). These 
cages were 4 feet cubes, were provided with solid board bases with- 
out bottoms, and were set 15 inches into the soil. A pile of dry 
sticks and chips was placed in one corner of each cage, and the 
imprisoned beetles were fed upon wilted cucumber and squash vines 
until the Ist of November, at which time settled cold weather had 
come and all the beetles had disappeared from view. 

This experiment was duplicated the same fall at Giesboro Point, 
D. C., using about 2,500 striped and 12-spotted cucumber beetles, 
the two species being caged separately. From 50 to 150 beetles ~ 
were introduced into each of 15 cages provided in this case with a 
double covering of wire netting and fine cheesecloth. Boxes filled 
with hay or excelsior were placed in part of the cages and in a few 
cages a pile of dry chips, sticks, and bark was also added. 

In the following spring cucumbers were planted in the cages in 
both localities, and the plants were kept under careful observation 
from the first appearance of warm weather until cucumber beetles 
had long been present in the surrounding fields. In all this time 
not a single cucumber beetle nor a beetle-injured leaf was found 
inside any of the 20 cages on Long Island or of the 15 at Giesboro 
Point, D. C. 

During September, 1916, a supplementary test was started, using 
11 pint glass jars with 2 inches of fine leaf mold in the bottom and 
covered at the top with fine cheesecloth. From 18 to 50 cucumber 
beetles were placed in each of these jars, fed upon wilted cucumber 
plants, and kept over winter in an open shed. Many of the beetles 
were still alive 38 days after imprisonment, but in the spring fol- 
lowing all were dead. 

1Rand, F. V., and Enlows, Ella M. A., 1916. Op. cit., p. 417. 
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BACTERIAL WILT OF CUCURBITS. eG: 

_ Experiments of 1917.—In August, September, and October, 1917, 
at Tuxedo, Md., about 5,000 of these two species of cucumber beetles 
were collected. Special care was taken not to injure the beetles in 
any way, and they were placed at once in the cages (PI. II, fig. 1) 
standing in the fields where they were caught. Three species of 
cucurbits were growing in these cages and also corn in a few of them. 
Some of the cucurbits were inoculated with the wilt organism and 
others were left uninoculated. After the growing plants in the cages 
had died, squashes and other cucurbit fruits were fed to the beetles 
until November, 1917. A few of these cages were destroyed by 
winds during the succeeding winter, but in the 13 remaining intact 
not a single beetle appeared in the spring of 1918. It might be 
added, however, that in one of these cages into which several squash 
lady bird (Epilachna borealis) had been introduced the preceding 
fall, three live individuals were found in May, 1918. 

These attempts at hibernation of wilt-fed cucumber beetles under 
experimental conditions have been rather discouraging, since, so 
far as ascertained, none have lived longer than six weeks under the 
hibernation conditions used. 

On the other hand, striped cucumber beetles collected at the same 
time and place for the direct wilt-transmission experiments in the 
warm air of the greenhouse have frequently been kept alive and 
active in small cages (Pl. I) for three to five months, and in two cases 
for more than six months (Oct. 4, 1916, to Apr. 28, 1917). These 
beetles were fed upon potted young cucumber plants which were 
frequently changed. and they were under almost daily observation. 

DO THE WILT BACTERIA WINTER OVER IN THE SOIL? 

Experimental carrying of the wilt organism through the entire 
winter by the beetles has failed, on account of our inability to keep 
the beetles alive for that length of time under the hibernation con- 
ditions given. However, the problem has been attacked from other 
angles and some further evidence has been accumulated to show 
that the striped cucumber beetle may be a winter carrier of Bacillus 
tracherphilus. 

In eastern Long Island the previoualy reported ' cage experi- 
ments were repeated during the summer of 1916. In the original 
experiments (1915) 50 large, wire-covered cages (PI. II, fig. 2) were 
set in two fields where during the preceding season about 75 per 
cent of the cucumber plants had been infected with wilt. In Sep- 
tember, 1915, and again in May, 1916, the soil in one-half of these 
cages was heavily inoculated with well-water suspensions of tested 
virulent wilt bacteria. No beetles were introduced, and not a single 

1 Rand, F. V., 1915. Op. cit. 

142179°—20—Bull. 828——3 
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case of wilt occurred throughout the summer of 1916 in the cucum- 
bers growing in this artificially infected soil in any of the 50 cages, 
although, as in the preceding season, the disease was abundant on 
the plants outside the cages. 

At Giesboro Point, D. C., a second experiment, using 20 similar 
cages, was carried out during 1916 on land planted to Hubbard 
squashes the preceding season. Wilt was very prevalent in these 
vines during the fall of 1915, as verified by personal observations and 
by pure-culture isolations. Many hills bearing wilted vines were 
marked at this time, and 12 of the cages were set directly over such 
hills. A wire netting slightly coarser (16 meshes to the inch) than 
that used in the Long Island experiments was employed for these 
cages, with the result that some of the smaller beetles, especially of 
the second brood, gained entrance. Until the first of July all of the 
cages were gone over every day except Sunday and any beetles or 
gnawed leaves found within were removed. Wilt in this vicinity 
first appeared on June 3 in four near-by fields not in cucurbits the 
preceding season and on June 13 in the cucumbers around the cages. 

On July 5, over a month after the first appearance of wilt in this 
vicinity, a gnawed leaf which had been overlooked in one of the 
cages began to wilt around the points of injury. With the appear- 
ance of many small beetles of the second brood in July it became 
impossible to keep them entirely out of all the cages. On that 
account, after July 25, wilt occurred in single plants in 4 other cages 
out of the 20. In all these cases striped cucumber beetles had gained 
entrance, and the first leaves to wilt were those showing beetle in- 
juries. There was no infection from the soil in any case, but direct 
and positive evidence of infection from cucumber-beetle injuries 
and absence of infection in the absence of such injuries. 

SPRING SEQUENCE OF WILT. 

In addition to the cage experiments during the early part of the 
season of 1916, a complete record was kept of the first appearance 
and spread of bacterial wilt of early cucurbits in all the field and 
garden plats in these two localities. 

At East Marion, Long Island, the area selected comprised the land 
between Long Island Sound and Greenport Harbor and extending 
about 2 miles east and west. (Fig. 1.) No wild cucurbits occurred 

within at least 10 or 15 miles of this locality.! 

A careful inspection on June 8, 9, and 22 of all cultivated cucurbits within this area 
gave no evidence of wilt. 

The first wilt of the season was found on June 29 on a olsuabe plant (fig. 1) in our 

experimental Field IV, planted May 24, 1916, and not in cucurbits the preceding 

season. The plants were just breaking through the ground on June 5, but on account 

1 Rand, F. V., and Enlows, Ella M. A., 1916. Op. cit., footnote 2, p. 419. 



BACTERIAL WILT OF CUCUBBITS. 19 

of rather cool weather during early June they had at this time (June 29) attained a 
height of only 2 to 4 inches with two to four true leaves developed. 
The following day, June 30, seven cases were found in two half-acre commercial 

fields (V) of cucumbers planted May 15 (not in cucurbits in 1915) and 19 cases in a 
large garden plat of cucumbers and squashes (XII) likewise planted May 15 (possibly 

in cucurbits the preceding year). 
The next cases of wilt were found July 11 in our experimental Blocks II and Ila 

(IIa was not in cucurbits in 1915). These blocks were first planted on May 8, but on 
account of cold, damp, weather and a consequent poor stand they were replanted 

June 13. 
Cucurbits were planted in experimental Blocks I and III on June 21, and wilt first 

developed here July 20. 

In all these instances wilt started from beetle-injured leaves. 
Subsequent cases developed in similarly injured plants and more or 
less in widening circles around the original centers. 

The record at Giesboro Point, D. C., covered an area approximately 
one-half by three-quarters of a mile in extent, bounded on one side 
by the Potomac River and on three sides by woods. (Hig. 5.) 

Up to June 1, 1916, no wilt had appeared within this area. At the next date of 
observation, June 3, one case of wilt was found in a cantaloupe field planted May 10, 

one case in a crookneck-squash field planted about May 1, and three and six cases, 

respectively, in two cucumber fields planted April 20 to 25. At least three of these 

fields were not in cucurbits the preceding season. Pure cultures of Bacillus trachei- 
philus were obtained from several of these plants. 

On June 6 one plant began to wilt in a cymling field planted April 20 to 25 and notin 

cucurbits during 1915. 

On June 13 seven plants began to wilt in a cymling field planted about May 15 and 

not in cucurbits during 1915, and four cases developed in cucumber plants outside the 
wire-covered insect cages in the experimental field where the main part of the stand 
was planted May 31. Wilt was very prevalent in this field during 1915. 

At the time of the next observation, June 23, wilt was becoming rather prevalent 

in all the fields where wilt had occurred before the middle of the month, and many 
cases were also found in four other fields. 

Observations throughout the season on wild cucurbits (Sicyos angulatus) growing 

abundantly along the Potomac shore failed to show any signs of bacterial wilt, although 

a few striped cucumber beetles were now and then found feeding upon the leaves. 

On two occasions a slight but general wilting was noted during a hot sunny day on 
plants growing in the sand high up on the shore. The wilting was plainly due to 
excessive transpiration in a dry soil. However, plates were poured from several of 
these plants and a microscopical examination also was made. There was in no case 
any evidence of bacterial invasion. 

During the spring of 1917 a similar set of observations was made in 
a locality near Tuxedo, Md. On account of the press of other work 
the records were not quite as complete, but the results were entirely 
in line with those obtained in the two preceding localities. 

It should be noted with regard to the bacterial wilt in these three 
localities that in all cases the leaves first showing wilt in the spring 
had typical cucumber-beetle injuries, that the wilt had plainly started 
from these injured points, and that in many of the fields such beetle 
injuries had not at this time become general. 
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There is a tendency for wilt to spread in groups around the plants 
first developing the disease, and in all observed cases it always starts 
from beetle-injured plants. The facts that a careful record was kept 
of all cucurbits in these localities and that the first wilt to appear 
was from beetle injuries on the earliest plantings of the season pre- 
clude the possibility of a transfer of the disease from previously 
wilted cucurbits of the current season. These results, added to the 

data presented in our previous papers, negative the possibility of 
transmission of bacterial wilt of cuéurbits through the soil from 
season to season and give strong circumstantial evidence in favor of 
the cucumber beetles as winter carriers. 

Until the striped or 12-spotted cucumber beetles can be hiber- 
nated successfully in considerable numbers and under experimental 
conditions, absolute experimental proof that these insects are winter 
carriers can not be obtained. However, it would appear from the 
evidence given that either the beetles must have carried the wilt 
organism over winter or must have brought it directly from previous 
cases of the current season. The second assumption is eliminated 
so far as cucurbits are concerned by the facts that in neither locality 
were cucurbits grown under glass, that our observations covered a 
considerable territory, and that the wilt appeared on the very earliest 
plantings of the season only after the plants were bitten by the 
beetles. In one locality no wild cucurbits were present within at 
least 10 miles. 

Apparently the only loophole remaining is the possibility that the . 
organism may live over winter in some perennial noncucurbitaceous 
host. In his early work upon this organism, Dr. Erwin F. Smith 
obtained infections by pure-culture inoculations on various species 
of Cucumis and Cucurbita and on Benincasa cerifera, Sicyos angulatus, 
and Micrampelis lobata, and failed to infect or obtained only local 
injury on the following cucurbits: Melothria scabra, Cucumis erina- 
ceus, Luffa acutangula, Momordica balsamina, Lagenaria vulgaris, 
Trichosanthes cucumeroides, and Apodanthera undulata. He states 
further: 

‘“Tnoculations into noncucurbitaceous plants such as Solanum tuberosum, Lyco- 

persicum esculentum, Datura stramonium, Passiflora incarnata, Vigna catjang, Nico- 

tiana tabacum, Pyrus orientalis, and Hyacinthus orientalis yielded only negative 

results. The disease is not known to occur outside the Cucurbitacee, and probably 
many species of plants within the limits of this family are not subject to it.”’ 

The present writers have no data concerning the possible occur- 
rence of this disease outside the Cucurbitacee. 

1Smith, Erwin F. Bacteria in relation to plant diseases, v. 2, p. 209. Washington, D. C., 1911. 

(Carnegie Inst., Washington. Pub. 27, v. 2.) 
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SEED TRANSMISSION. 

Our earlier experiments relative to seed transmission’ all gave 
negative results. One further planting of seeds from a wilting cucum- 
ber vine gave healthy plants which at no time showed signs of wilt. 
Numerous plantings have also been made with cucumber seeds 
soaked in heavy tap-water suspensions of virulent wilt bacteria 
immediately before sowing. These tests likewise all gave negative 
results. : 

RELATION OF THE WILT BACTERIA TO CUCUMBER BEETLES. 

SUCCESSIVE INFECTIONS. 

The objection has been raised that it would be impossible for the 
cucumber beetles to feed for several weeks in the early spring upon 
noncucurbitaceous plants and yet infect cucurbits when they ap- 
peared above ground. It is a well-known fact that these insects 
are rather omnivorous and in the absence of cucurbits will feed on a 
wide range of host plants. In a locality where cucurbits are planted 
late in the season the beetles feed for some time on other vegetation. 
Tf the wilt organism is carried only on the mouth parts or other 
external portions of the body, one might think that after feeding 
two or three weeks on plants not infected with cucurbit wilt none of 
the bacteria would be left. However, early spring infection does 
occur, and the following experiments were designed to throw further 
light on this question. 

The small cages used in these experiments (Pl.I) were covered 
with 18-mesh wire netting, and the bases and joints were made 
insect proof. After allowing the beetles to feed on the plants, the 
latter, uniess otherwise stated, were removed and held for observa- 
tion in similar cages free from insects. The details of these experi- 
ments are as follows: 

In July, 1915, at East Marion, Long Island, several striped cucumber beetles were 
inclosed over a hill containing wilting young cucumber plants and were allowed to 
feed on them for five days. The beetles were then removed and allowed to feed for 

24 hours each on three healthy and uninjured young cucumber plants successively 
caged with them. These three plants were then kept under observation in a cage 
free from beetles, and between the seventh and tenth days all had shown evidence of 
wilt. The cut stems showed the typical, stringy ooze, and microscopical examina- 

tion showed the xylem elements to be full of bacteria. As noculture media were at 
that time available, isolations were not attempted. 

No further attempts of this kind were made until the following year (Sept. 26, 1916), 
when several striped cucumber beetles were fed for three days on plants wilted from 

pure-culture inoculations. The diseased plants were then removed and the beetles 
allowed to feed 5 and 15 days, respectively, on two large potted cucumber plants 
successively introduced. The plants were afterwards kept under observation for 27 
days, butno wilt developed in either case. 

1 Rand, F. V., and Enlows, Ella M. A., 1916. Op. cit., p. 424-425. 
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Nine striped beetles were fed constantly on wilted cucumber plants from January 7 

to February 12, 1917. On the latter date all wilted plants were removed from the 

cage (No. XXII) and from then until March 10 they were fed on healthy young cucum- 

ber seedlings which were so small that the leaves were entirely consumed. On March 
10 the three beetles left alive were caged with a large potted cucumber plant grown in 

a greenhouse free from wilt. ‘Two weeks later one beetle-gnawed leaf was found 

wilting and after three weeks nearly the whole vine was involved. Bacillus trach- 
eiphilus was isolated from this plant and tested by successful inoculations into 
cucumbers. The cage used for this test was covered both by wire netting and cheese 

cloth, and had not been used for beetles since the preceding fall. 

(Cage XXIV.) From January 11 to February 5, 1917, 25 striped beetles were fed 
on wilted cucumber plants, then all diseased plants were removed and until February 

26 the beetles were fed on very young cucumber seedlings, which were completely 

riddled, asin the preceding test. At the latter date a large potted cucumber plant was 

placed in the cage and left for three days, after which it was removed and held for 

observation. On March 10 this plant was wilted and the vascular system was plugged 

with the typical stringy masses of bacteria. No isolations were made from this plant: 

(Cage XVIII.) Wilted cucumber plants from pure-culture inoculations were fed 

to three striped cucumber beetles on January 25, 29, and February 8. All wilted 
plants were removed on February 16 and a healthy young cucumber plant was intro- 
duced. Two days later this plant was removed and a second introduced, and so on 
until the beetles had been allowed successively to feed on four healthy plants. On 

February 19, plant No. 1 was starting to wilt around the beetle injuries on one leaf. 
Six days later this plant was showing wilt on several leaves and plant No. 3 was start- 

ing to wilt around the gnawed places on several! leaves. On March 1, Nos. 1 and 3 
were entirely wilted and No. 4 was starting; plant No. 2 showed no signs of wilt. How- 

ever, the leaves on this plant were scarcely gnawed at all by the beetles. Isolations 
were made from plant No. 4 on March 1 and inoculations from this source to six cucum- 

ber plants gave typical wilt in every case. 
(Cage XVIII.) On March 20, 1917, a wilted cucumber plant was fed to the same three 

beetles, and on March 28 it was removed and a healthy plant introduced. Two days © 

later this was removed and a second one introduced. On April 13, plant No. 1 showed 

typical wilt, but No. 2 remained free from the disease. 
This last experiment was duplicated on the same date in two other cages (XIII and 

XXI), but in these cases neither of the two plants contracted wilt. 

(Cage XXII.) On the same date (March 20, 1917) wilted cucumber plants from pure- 

culture inoculations were fed to several striped cucumber beetles. On March 28 these 
plants were removed and a healthy plant introduced. Two days later, plant No. 1 

was removed and a second plant introduced. Both plants contracted wilt from the 
beetle injuries and on April 13 were wilted throughout and dying. 

Plant No. 2 was allowed to remain in the cage with the beetles. On April 28 the 
plant had long since died, but one beetle was found still alive in the cage and a healthy 

cucumber plant was introduced. On May 7 two leaves had started to wilt next to 
the margins, where they had been slightly gnawed. The beetle had died since the 
last preceding observation. The wilt was a typical case, and the vascular bundles of 
the leaf petioles were filled with bacteria. 

From the results of these ‘‘successive infection”’ tests it is demon- 
strated that striped cucumber beetles are sometimes capable of 
successively infecting three or more healthy cucumber plants after 
one initial wilt feeding and that after one such feeding they may in 
some cases in the active state retain their infecting power for over 
three weeks. 
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DISSECTION EXPERIMENTS. 

It is clear from the foregoing that striped beetles in the active state 
are sometimes capable of harboring the wilt organism for consid- 
erable periods of time. With the idea of determining in what part 
of the body the bacteria are carried, the following beetle dissection 
experiments were carried out. 

Six 12-spotted cucumber beetles were fed for three weeks on wilted cucumber 
plants in pots and finally for five days on cut stems and leaves of wilted plants. After 

this last feeding (Aug. 8, 1917) the heads and legs of the beetles were removed sep- 
arately with sterile instruments. Then the anal region was cut off with a hot scalpel, 
and the intestinal contents were carefully squeezed out with sterile instruments on 

a sterile Petri dish, using care that none of the contents should come in contact 
with the exterior of the insect body. Young potted cucumber plants were then 

inoculated separately with heads and mouth parts, legs, intestinal contents, and repro- 
ductive systems. In each case the body parts named were pricked into the young 
leaves without moistening the surfaces. Five days later one leaf inoculated with 

intestinal contents had started to wilt. After two days more, wilt had started in one 
leaf inoculated with beetle legs and in two additional leavesinoculated with intestinal 

contents. This infection from beetle legs is not to be wondered at, as the beetles were 

allowed to feed on cut stems and leaves of wilted plants for several days prior to dis- 

section. These plants had been kept throughout the test in a large 6-foot square 
beetle-free cage (PI. II, fig. 1) and were entirely free from insect gnawings. A hundred 

or more uninoculated cucumber seedlings of the same age and variety held as controls 

in the same cage remained free from the disease. 

On August 16, 1917, the preceding experiment was duplicated, using six striped 
and twelve 12-spotted cucumber beetles. Five days later one of the plants inoculated 
with intestines and one inoculated with legs of the 12-spotted species were found with 
wilt. In this case none of the plants inoculated with head parts became infected. 

During the summer of 1918 four more sets of dissection tests were carried out. On 
June 15, after a 7-day’s feeding on wilted plants, forty striped and three 12-spotted 
cucumber beetles were dissected as in preceding experiments, and separate cucum- 
ber seedlings were inoculated with heads and with intestinal contents. Ten of the 
forty striped beetles were feeding on wilted leaves when taken. The other thirty were 
not feeding when taken for dissection. In these cases the body parts were crushed in a 
drop of tap water and pricked into the cucumber leaves. In 11 days two plants and 

next day three more plants showed wilt starting from leaves inoculated with intestinal 
contents. Of these five wilted plants only one was infected from one of the ten beetles 

_ feeding on wilt when taken; the other four wilted plants were from four of the thirty 
- beetles not feeding when taken. Cultures made from one of these plants gave Bacillus 
tracheiphilus, and all five showed typical wilt symptoms. No infections resulted from 
the three 12-spotted beetles. 

This experiment was repeated on June 28, using 45 striped beetles. In eight days 
two plants were wilting from beetle-intestine inoculations and the following day two 
more from intestines and one from head and mouth parts. Cultures were made from 
the first two plants showing wilt, and Bacillus tracheiphilus was isolated and proved 
to be virulent by successful inoculations. 

Sterile instruments were used and great care was taken in all these tests not to allow 
the intestines to come in contact with external body parts. However, in order com- 
pletely to eliminate all possible source of external contamination, the beetles in the 
following two tests were immersed for five minutes previous to dissection in a 1 to 1,000 
solution of mercuric chlorid in 25 per cent alcohol. The alcohol was added to facili- 
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tate reaching all parts of the insect body, and the solution was also constantly shaken 
during the exposure. 

Approximately 35 striped beetles were dissected (June 29) after a 7-day feeding on 
wilted cucumber plants in pots, and inoculations were made to the leaves of as many 
cucumber seedlings by mixing the intestinal contents of each beetle in a drop of tap 
water and pricking the mixture into the leaves. These plants were kept in beetle- 
free cage with 20 or more uninoculated control plants. Two of the inoculated plants 
developed typical cases of wilt starting from the points of inoculation with intestinal 
contents. 

Finally, on July 5, 1918, the last experiment was repeated, using sixty striped and 

thirty 12-spotted cucumber beetles and fifteen squash lady birds. All had been 
previously fed for 10 days on wilted cucumber plants in pots and had been treated for 
five minutes before dissection with mercuric chlorid and alcohol, as in the preceding 
test. Five plants out of the 60 inoculated with intestines of striped beetles promptly 

developed wilt. All these cases showed the typical stringy slime from the cut ends 
of the vascular bundles, and cultures made from one of these plants gave Bacillus 
iracheiphilus. Inoculations in this experiment with intestines of the other two insect 
species gave negative results. 

These dissection experiments prove definitely that both striped 
and 12-spotted cucumber beetles may harbor the wilt organism in 
their intestinal tracts. In fact, a much larger percentage of infec- 
tions took place from intestinal contents than from mouth parts, 
although this may have been due to the fact that the mouth parts 
were harder to break up and mix thoroughly with the water on the 
leaves. They also show that only a small proportion of the beetles 
gave infection from the intestines even after feeding seven days or 
more on wilted plants. Thus, in the two tests with 12-spotted 
beetles, the intestines gave infection in about 50 and 8 per cent of the . 
individuals, respectively. In the four tests with striped beetles the 
proportion varied in round numbers between 6 and 12 per cent. 
There was very little difference in the proportion of wilt carriers 
among individuals taken while feeding directly on wilted plants and 
those not feeding at all when taken for the test. 

BACTERIAL ISOLATIONS FROM BEETLES. 

One attempt was made (Dec. 10, 1917) at direct isolation of Bacillus 
tracheiphilus from the intestinal tracts of wilt-fed striped cucumber 
beetles. 

Ten individuals were fed for two weeks upon cucumber plants wilted from pure- 

culture inoculation. They were then dipped for several seconds into 95 per cent 
alcohol, for 60 seconds in 1 to 1,000 mercuric chlorid, quickly washed in sterile water, 

and then given five more washings of several minutes each in sterile water. The in- 
testinal tracts were then carefully dissected out as described under ‘‘ Dissection experi- 
ments,’ without allowing the bedy contents to come in contact with the surface of 
the beetle. The intestines in each case were crushed in sterile distilled water with a 
sterile glass rod and allowed to stand for 20 minutes, when four series of dilutions in beef 
bouillon were made. From these tubes one series of poured plates was made at once 
and another the next morning after the bouillon had become slightly cloudy. From 

most of the plates developing colonies, pure cultures of one type of bacteria (A) 
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arose, which at first somewhat resembled Bacillus tracheiphilus. Later, on beef-agar 

slants, this type gave a dense, opaque, somewhat yellowish and rapidly growing 

colony. A second type (B) was constantly found in the plates poured from one set of 
dilutions. This isolation (B) more closely resembled the wilt organism, and young 
colonies on beef agar were at first scarcely to be distinguished. Even the rate of 
growth was about the same as for Bacillus tracheiphilus. However, old colonies are 
somewhat more opaque and also have a very slight yellowish cast not present in the 

wilt organism. The organism also produces more alkali than B. tracheiphilus. Inocu- 
lation tests on cucumber plants have given negative results with both these types of 
bacteria. Occasional colonies of other bacterial and fungus types came up on the 
plates, but on account of their rarity were considered as contaminations. The wild 
organism was not obtained. 

Portions of intestines left from each beetle dissected were retained and in each 
case were used in inoculating a single young cucumber plant by needle puncture. 
One plant only out of the ten wilted, but isolation was not attempted. There were 
at the time a large number of other cucumber plants in the greenhouse, all of which 
were free from wilt, and there is little doubt that the plant in question had become in- 
fected with the true bacterial wilt. 

It was thought worth while to test the types of intestinal bacteria in mixet 

culture with authentic isolations of Bacillus tracheiphilus for possible antagonism. 
After three weeks in mixed cultures (beef agar plus 1 per cent cane sugar) young 
cucumber plants were inoculated by needle punctures in the leaves; and other plants 

were inoculated as checks with intestinal types A and B alone and with the wilt organ- 
ism alone. Of ten plants inoculated with cultures of A plus wilt, and of the two plants 
with A and B alone, none became infected; but of four plants inoculated with B plus 

wilt all contracted wilt, showing the typical stringy ooze from the cut stems and the 
vessels filled with bacteria. All plants inoculated with B. trache:philus alone showed 
wilt. The plants were under observation one month. 

In another experiment using four plants with type B alone, four plants with the 

wilt organism alone, eight plants with A plus wilt, and four plants with B plus wilt, 

all from 2-weeks-old cultures, the results were identical—growth of B. tracheiphilus 
and infection in the presence of B; none in the presence of A. 

The wilt organism itself was not isolated on agar-poured plates 
made from beetle intestines, but evidence was adduced that the 
organism was present in the intestines of one of the ten beetles used 
and that in the presence of cane sugar the intestinal flora of at least 
one beetle was not antagonistic to the wilt organism, but that in the 
majority of the cases the intestinal flora (type A) was under these 
conditions antagonistic to the wilt organism. 

These results, while not sufficient to warrant far-reaching con- 
clusions, suggest the possibility that a careful study of the Bacterial 
flora of cucumber-beetle intestines will afford an explanation of the 
fact that only a small proportion of wilt-fed beetles are wilt carriers. 

VIRULENCE TESTS. 

During the interval since August, 1914, several hundred isolations 
of Bacillus tracheiphilus have been made from cucumber, cantaloupe, 
winter squash, crookneck summer squash, and cymling, and from an 
area extending from Canada to southern Georgia and Long Island to 
Iowa. Of these isolations from various hosts and localities, over one 
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hundred have been carried continuously in culture for considerable 
periods—in some cases for nearly four years. 

It was early noted by Dr. Erwin F. Smith’ that his isolations of 
Bacillus tracheiphilus from squash would always infect cucumber, 
but that his isolations from cucumber usually gave no infection at all 
on squash and at most only a slight local wilting near the point of 
inoculation. It seemed possible from these results that there might 
be at least two true biological strains of the organism. 

With a large number of isolations from different hosts and localities 
at hand it seemed well worth while to investigate this question 
further. For this purpose relative virulence tests were made of 
large numbers of isolations grown on the same medium and in cultures 
of the same age inoculated in as nearly an identical manner as pos- 
sible into one of the host varieties as an indicator. Chicago Pickling 
cucumbers were selected as being a representative variety of one of 
the most susceptible host species; and in each series of inoculation 
tests plants 12 to 18 inches high and of like age and similar vigor 
were inoculated simultaneously with cultures of the different isola- 
tions. From two to eight series of these tests were made, and in 
each series two or more (usually two) plants were inoculated with | 
each isolation under study. Experience showed that within a 
varicty a fairly constant reaction was given to any one isolation of the 
wilt organism, provided the plants were of comparable age and vigor. 
Occasionally an individual plant would show a wide variation from 
its fellows in reaction to a particular isolation, but since considerable _ 
numbers of plants were used these comparatively rare aberrant cases 
did not alter the end results of the study. 

in each series of tests careful observations were made of the abso- 
lute and relative progress of the disease, special attention being 
given to three cardinal points—(1) the number of days after inocula- 
tion when incipient wilt was noted, (2) the total number of days after 
inoculation required for actual wilting of the larger part of the inocu- 
lated leaf, and (8) the total time after inoculation for the wilting of 

the entire plant. By,‘‘incipient wilt’’ is meant either a slight loss of 
turgor without actual wilting or a slight indication of wilt immediately 
around the point of inoculation. For purposes of ready comparison a 
‘virulence index’? was worked out for expressing the degree of 
relative virulence of each isolation to the indicator used. This 
virulence index was secured in each instance by adding together the 
three cardinal points above mentioned. These figures as they stand 
express the relative virulence in inverse ratio, the smaller figure 
expressing the greater virulence. In order to show the relation 
more cleariy, expressing the greater virulence by the larger number, 
the numerator ‘‘1’’ was placed over each of the figures so obtained 

1 Op. cit., p. 284. 
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and the resulting fraction reduced to a decimal. In making up the 
relative-virulence graphs these fractions were used in the absciss 
to express varying degrees of relative virulence between possible 
instant death (unity) and no infection at all (zero). For example, 
one isolation gave (1) incipient wilt in 4 days, (2) wilt of 
the inoculated leaf in 5 days, and (3) wilting of the whole plant 
in 11 days after moculation. Added together, these three figures 
equal 20, the number used as the basis of comparison. The expres- 
sion 1 over 20 reduced to a decimal equals 0.05, which is the figure 
taken as the final index expressing the degree of relative virulence 
for this particular isolation of Bacillus tracheiphilus. This happens 
to be one of the most virulent isolations found thus far in our study. 

The relation in number of days between 1 and 2 and between 2 
and 3 tended to be similar in the different isolations tested. That is, 
if the first signs of wilt appeared late a longer time usually elapsed be- 
fore complete wilting than when the first signs appeared early. How- 
ever, this rule was not strictly true in all cases, so it was felt that a 
truer comparison could be made by adding together the three cardinal 
points above mentioned rather than by taking any one of them alone 
as the basis for comparison. 

In the graphs the ordinates show the number of isolations found by 
numerous inoculation tests to fall at any- particular degree of relative 
virulence. In plotting the curves the average virulence index for all 
tests with any one isolation was in each case taken. 
One hundred and three different isolations were tested as to rel- 

ative virulence in Chicago Pickling cucumber, and this list included 
isolations from cucumber, squash, and cantaloupe. Referring to the 
graph (fig. 6-B),it will be seen that most of the isolations are extremely 
virulent. However, afew isolations worked very slowly, and one very 
weak isolation never caused anything more than incipient though 
undoubtedly true bacterial wilt. It will be noted that most of the 
isolations (84 in number) fall above the virulence index 0.033, and it 

may be added that all the isolations from squash are within this group. 
As‘a supplementary test, 62 of these isolations from cucumber, 

squash, and cantaloupe were further tested as to relative virulence 
when inoculated into White Bush Scallop squash, the method used 
being the same as in the cucumber tests above described. Reference 
to the graph (fig. 6-A) shows the opposite kind of a curve from that 
obtained with cucumber asindicator. Only 12 out of the 62 isolations 
tested caused wilting of entire squash plants, and a lower degree of 
relative virulence was shown here than when these same isolations 
were tested by inoculation into cucumber. Of these 12 highly viru- 
lent isolations it happens that 6 were originally obtained from cucum- 
ber and 6 from squash. Eighteen other isolations tested on squash 

_ exhibited various shades of virulence from incipient wilt only up to 
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the wilting of one to several leaves, but never caused wilting of an 
entire plant. Of this group, 14 isolations were from cucumber, 2 from 
squash, and 2 from cantaloupe. The third and last group, made up 
of 23 isolations from cucumber, 2 from squash, and 7 from cantaloupe, 
falls upon virulence index zero—that is, none of these isolations gave 
any apparent infection at all on White Bush Scallop squash, although 
all had caused infection in cucumber. In cases of recovery of asquash 
plant after partial wilting, Bacillus tracheiphilus may continue to live 
in the vascular tissue of the apparently healthy plant. In one such 
instance plates were poured from the fruit of an inoculated squash 
plant about one month after apparently complete recovery from wilt, 
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Fic. 6.—Curves showing the varying degrees of virulence among different isolations of Bacillustracheiphilus 
from the three common hosts and from many sections of the country as demonstrated by large numbers of 

inoculations into squashes (A) and into cucumbers (B), 62 different isolations being tested in this way 
onsquashesand1030ncucumbers. Theletters Cu, Ca, and Sq refer to the source of the isolation as being 

cucumber, cantaloupe, or squash, and the figures preceding refer to the total number of isolations from 

each host possessing a similar degree of virulence. : 

and B. tracheiphilus was recovered from these plates and proved 
infectious by inoculation into cucumber. 

A large proportion of all the isclations were retested on both cucum- 
ber and squash in April, 1918, and essentially the same relations have 
continued to hold after long periods. For example, two isolations 
(R 230, New York; R 235, Michigan) from cucumber carried contin- 
uously in culture since August, 1914, and tested from time to time by 
inoculations, have preserved approximately the same virulence to 
Chicago Pickling cucumber and the same relation to each other during 
all this time, P 230 being considerably more virulent than & 235. 

Furthermore, in 1915 these two isolations were inoculated into cu- 
cumber plants and then reisolated. The reisolations (En 14 from R 

230 and En 15 from FR 235) were found still to retain approximately 
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the same virulence relations as the originals. The relative virulence 
indexes of these four isolations as deduced from many series of 
cucumber inoculations are, respectively, 0.0384 and 0.0366 for R 230 
and Hn 14 and 0.0218 and 0.0229 for R 235 and En 16. 

The least virulent isolation (Hn 160 B) of the series which at any 
time caused complete wilting in cucumbers had a relative virulence 
index of 0.0149. ‘This was one of four isolations made from slightly 
wilted cucumber vines collected at Goldsboro, N. C., in June, 1916. 
One of these cucumber isolations (R 317) made in the field caused wilt- 

ing of only a few cucumber leaves, never of entire plants. The other 
three isolations (Hn 160 A, B, C) were from cucumber material col- 

lected in this same locality and sent to the laboratory at Washington, 
D.C., for isolation. These three isolations sometimes caused wilting 
of entire plants after a comparatively long time and in other cases 
caused only partial wilting. The bacterial wilt was rare in the 
vicinity of Goldsboro, and only after careful search were these few 
cases found. With the exception of this Goldsboro locality all the 
southern isolations possessed a comparatively high degree of 
virulence. 

Leaving out the one very exceptional case at Goldsboro, N. C., the 
average indexes of relative virulence for all cucumber isolations 
grouped according to geographical source were as follows: Ten isolations 
from Norfolk,Va., southward, 0.042; 15 from the District of Columbia, 
0.041; 17 from Long Island, 0.040; 7 from middle New York to Canada, 
0.036; and 9 from Michigan, Wisconsin, and northern Iowa, 0.032. 
As will be readily noticed, the average virulence is highest in the 
South and gradually decreases northward. A study of the figures 
making up these averages shows that the southern isolations as a 
whole tended to higher virulence, while the northern isolations con- 
tained examples of both high and low virulence instead of decreasing 
as a unit. The higher virulence of the southern isolations is shown 
also by the fact that out of seven isolations from cucumbers obtained 
in North Carolina, South Carolina, Georgia, and Alabama, six of 
them (Ff 318, 320, 321, 823, 824, and 325) were found capable of caus- 
ing wilt in White Bush Scallop squash. Of the northern isolations 
from cucumber, the larger number obtained have caused no apparent 
infection when inoculated into squash. 

The isolations from squash and cantaloupe when grouped according 
to geographical source have shown this same general tendency, but 
not in quite so marked a degree, since all isolations from these hosts 
have fallen within the more highly virulent group. 

Viewing the general results of these relative virulence tests, it 
seems possible that instead of having only two distinct and well- 
differentiated biological strains of Bacillus tracheiphilus we may be 
dealing with a long series of “races’’ or “pure lines’’ of the organism 
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exhibiting among themselves closely intergrading degrees of virulence 
for their various hosts. Wilt goes from cucumber to squash as well as 
from squash to cucumber. Furthermore, although among cucumber 
isolations the larger percentage are extremely virulent when inoculat- 
ed into cucumber, while the larger percentage do not cause any signs 
of the disease at all in squash, the considerable number of cucumber 
isolations remaining which do cause appreciable infection in squash 
exhibit all grades of host reaction—the minutest signs alone, wilt of 
only a few square millimeters around the inoculation points, wilt of 
a considerable portion of the inoculated leaf, wilt of one to several 
leaves, and finally, in the case of the more virulent isolations, wilt of 
the entire squash plant. 

However, the factors causing resistance or susceptibility to the 
wilt disease in cucumbers may be more or less distinct from the factors 
causing resistance or susceptibility in squash. Thus, there may still 
be a distinct cucumber strain represented by those of our isolations 
which never caused infection in squash and a squash strain possessing 
not only the factors necessary for infection in cucumber but additional 
factors enabling it to attack squash also. If this is the case, in all 
probability some means will be found of distinguishing the two strains 
by morphological or cultural characters of the parasite. Thus far, 
however, no constant morphological or cultural differences have been 
found between cucumber and squash isolations or between isolations 
of greater or less relative virulence. The only constant differences 
as yet noted among the various isolations have been differences in | 
relative virulence to a given host. The fullest tests have been made 
upon Chicago Pickling cucumber, but smaller tests have also been 
carried out upon Arlington White Spine cucumber and upon White 
Bush Scallop and Yellow Crookneck squashes. While in these tests 
the individual isolations have not preserved exactly the same order of 
relative virulence when inoculated into the different host species and 
varieties, the tendency has been in this direction. That is, isolations 
most or least virulent to Chicago Pickling cucumber tended to be, 
respectively, most or least virulent to Arlington WhiteSpine cucumber; 
and many though by no means all isolations highly virulent to 
cucumbers have been found capable of infecting squashes to a greater 
or less degree, while isolations of low virulence to cucumbers have 
invariably given no infection at all on squashes. This last group 
Dr. Smith called Bacillus tracheiphilus forma cucumis. Apparently 
the factors in the parasite causing high virulence to cucumbers are 

" necessary to infection in squashes, for none of the isolations weak in 
virulence to cucumbers has caused any infection at all in squashes. 
But not all of the isolations highly virulent to cucumbers will cause 
infection in squashes. Thus additional qualities in the parasite may 
be necessary for squash infection, and it is entirely possible that 
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besides the many races or pure lines of the organism showing various 

degrees of relative virulence to any particular host there may be also 

distinct cucumber and squash strains. 

SOME HOST RELATIONS. 

On the other side of the host-parasite relation the species and 

varieties of cucurbits themselves differ in susceptibility to the wilt 

organism as a whole and to its various races. Thus cucumbers con- 

stitute the most susceptible host species so far tested, and most of 

the isolations have proved highly virulent to them. Some differences 
in varietal susceptibility have been observed, but none have shown 
marked resistance, and apparently little hope of control through 
resistant varieties is given here. 

At the other extreme are watermelons, the most resistant of our 

economic cucurbits. No authentic report of natural infection to this 
host has come to our notice, and our inoculations have given negative 
results or at most a very slight local wilt immediately around the 
points of inoculation. 

The squash group stands next to the watermelon in resistance. 
Unlike the cucumber, most isolations tested on squash have given no 
infection or only slight local wilting. The few remaining were highly 
virulent, but slower in developing the disease than when inoculated 
into cucumber. Much greater differences in varietal resistance were 
shown within the squash group than among cucumbers. 

Aside from the differences in resistance inherent in the species and 
varieties of cucurbits, a further cause of variability in the host reaction 
to the parasite appears to be directly connected in some way with the 
growth condition of the host at the time of inoculation. 

It has long been thought by many growers that the spread of wilt 
and the extent of damage done are in some way connected with 
weather conditions. In two different papers, W. G. Sackett + states 
that growers seem to think that wilt is worse during wet weather and 
just after a heavy rain, especially if the sun comesout hot. Hesays 
further that if thisis true itis probably due to the fact that these con- 
ditions favor growth of the germs and bring about a more rapid dis- 
tribution of the bacteria through the plant. 

G. H. Coons ? thought it probable that hot, dry summers, such as 
the summer of 1911, might do much to check the spread of the disease 
by drying out the wounds made by insects before the bacteria could 
obtain a foothold. He stated further that perhaps the temperature 
conditions alone are sufficient to check the growth of the disease. 

1 Sackett, W. G. Some bacterial diseases of plants prevalent in Michigan. Mich. Agr. Exp. Sta. Bull. 

230, p. 217. 1905. 
Some bacterial diseases of plants. Colo. Agr. Exp. Sta. Bul. 138, p. 22-23, 1909. 

2Coons, G. H. Cucumber and muskmelon wilt. In Mich. Farmer, v. 140, no. 1, p.1-2,illus. 1913. 
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Reviewing our own work and observations, these assumptions 
apparently have considerable truth in them, but they do not appear 
to express the whole truth. Among the enormous number of inocu- 
lations made during the past four seasons, several common factors 
have been observed running through them all. In our greenhouse 
experiments during the winter months very little or no difference in 
the percentage of infection or the rate of progress of the disease has 
been observed between plants sprayed with tap water immediately 
preceding inoculation and other plants of the same age and vigor 
inoculated when dry. The same infection relations also have held 
between greenhouse inoculations made in sunlight and those made 
on cloudy days or under shade. 

On the other hand, striking differences are often shown among 
plants in varying states of vigor or age. After inoculation, badly 
stunted or old plants have in general shown a very much lower per- 
centage of infection and slower progress of the disease than young 
vigorously growing plants of the same variety. These facts have 
repeatedly been observed during the progress of our studies, and for 
this reason great care has been exercised in selecting plants for viru- 
lence tests. 

From these observations, together with the beetle and wilt curves 
and the meteorological data obtained in field experiments (figs. 2 to 
4),it appears that within rather wide limits weather conditions have 
very little direct effect on the percentage of infection. However, a 
rapid, sappy growth of the vines favors infection and spread of the 
disease through the plant; whereas senility in the host, whether due to 
normal maturity or to unfavorable conditions such as drought or lack 
of plant food, furnishes conditions unfavorable to infection and spread 
of the bacteria within the plant. Thus, by inducing rapid succulent 
growth of the vines rainy weather may indirectly raise the percentage 
of infection and increase the reproduction of the bacteria inside of the 
plant. If, then, following such a rainy period the sun suddenly comes 
out hot, any tendency to wilt will obviously become evident at once. 
Indeed, under these circumstances, the excessive transpiration from 
too rapidly growing tissues often causes transitory wilting where no 
parasitic organisms are present. On the other hand, after a long 
period of drought the prevalence of wilt often decreases, not directly 
because of the weather conditions but because the vines have hard- 
ened up and no longer favor infection. Furthermore, periods of 
drought often come at midseason when senility is normally approach- 
ing, and the weather conditions serve only to hasten and intensify 
the natural process of ripening. A decrease in number of cucumber 
beetles between broods often comes simultaneously with these mid- 
season drought conditions and this again reduces the number of infec- 
tions at their source. Undoubtedly an extremely dry atmosphere 
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coupled with prolonged temperatures at or above the maximum for 
growth of the wilt bacteria will reduce the percentage of infection and 
rate of progress of the disease, and in extreme cases the wilt may be 
even practically stamped out. However, under ordinary field condi- 
tions in the Northern and Middle States, the limiting factors appear 
to be (a) the presence of wilt-carrying beetles and (6) a vigorous, 

- succulent growth condition in the host. 
Certain data relative to the incubation period of the wilt organism 

have been compiled from our inoculation experiments and field records. 
Among 295 sets of greenhouse inoculations on cucumber seedlings, 
in each case using two or more plants 6 to 18 inches high, the great 
majority showed signs of wilt in 4 to 6 days after needle-prick inocu- 
lation, wilting of the first leaf in 5 to 8 days, and complete wilting of 
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Fig. 7.—Diagram showing the progress of wilt in 295 inoculation tests on cucumbers (mostly the Arlington 
White Spine variety), with two or more plants in each test and in all using 103 different isolations of 
Bacillus tracheiphilus. 

the plant in 11 to 15 days (fig. 7). Comparatively few of these 
cucumber plants took more than three weeks for complete wilting, 
and out of the whole 295 experiments only 6 exhibited any cases of 
recovery after once showing signs of the disease. Upon reference 
to the notes it was found that our 5 least virulent isolations (En 15, 
f 235, R 311-a, R 317, and En 160) had been used for inoculation in 
these 6 experiments. These 5 isolations were all low in virulence, 
but, with the exception of R317, they usually caused complete wilting 
of a plant in the end. 

In 51 inoculation tests on squash seedlings 6 to 12 inches high 
most of the plants showed incipient wilt in 5 to 8 days, wilting of the 
first leaf in 6 to 13 days, and complete wilting, where it occurred at 
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all, in 15 to 20 days after inoculation (fig. 8). However, in 26 out 
of the 51 sets of inoculations the plants all recovered after partial 
wilting. It will be noted that the first signs of the disease and wilting 
of the first leaf were only a little slower in appearing than in cucumber, 
but in general a much longer time elapsed before the whole plant 
became involved. A far greater percentage of recovery was exhibited 
than in cucumber. 

Field records during 1916 in the spray plat at East Marion, Long 
Island (fig. 1, Field Ila), showed that among the cucumbers where 
wilting of the first leaves appeared on July 12 the larger number of 
plants had completely succumbed six days later (July 18). The 
vines at this time were | to 2 feet in length, which was approximately 

the size of those used 
in the greenhouse in-. 
oculation tests above 
noted, and it will be 
seen at once that the 
period between the 
wilting of the first 
leaves and the total 

190 Wilting of the plant 
corresponds very 
closely under the field 
conditions and the 

10 30 30 0 greenhouse con- 
NUMBER OF DAYS ditions. 

Fic. 8.—Diagram showing the progress of wilt in 51 inoculation tests : 

on squash (mostly the White Bush Scallop variety), with two or Of the plants which 

more plants to a test and in all using 21 different isolations of showed wilting of the 

Bacillus tracheiphilus. first leaves on July 18 

the larger number had completely wilted 11 days later, while of those 
with first wilt on July 29 the larger number lived for 17 days longer. 
Complete records of later infections could not be obtained, on ac- 
count of the appearance of downy mildew. 

As would be expected, the larger the plant the longer the period of 
time elapsing between initial and total wilting. However, the two 
are not directly proportional, since in the older plants the absolute 
progress of the disease is slowed down through some relation to the 
condition of senility in the host. (Cf. pp. 31 and 32.) 
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DISTRIBUTION OF BACTERIAL WILT. 

Bacterial wilt of cucurbits was reported by Dr. Erwin F. Smith! 
as occurring (fig. 9) in Canada, Massachusetts, Vermont (?), Rhode 

Island, Connecticut, New York, New Jersey, Delaware, Maryland, 
District of Columbia, Virginia, West Virginia, Pennsylvania, Ken- 

1 Op. cit., p. 209-211, 
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tucky, Ohio, Indiana, Illinois, Michigan, Wisconsin, Missouri, Lowa, 

Nebraska, and Colorado, and as having been reported also from Ger- 

many, Russia, and the Transvaal. He states that ‘nothing is known 

of its occurrence south of Virginia.’’ On account of the low thermal 

death point of the organism and the lack of reports or specimens of 
the disease from the States south of Virginia he was rather of the 
opinion that it would not be found to occur in the far South, except 
in the more mountainous parts. 
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Fic. 9.—Map of the United States, showing the distribution of the bacterial wilt of cucurbits. O=Bac- 

terial wilt seen by one or both of the writers. @=TIsolations of Bacillus tracheiphilus made by one or 

both of the writers. []=Bacterial wilt reported by other pathologists, either with or without specific 

locality. 

In 1914, F. M. Rolfs 1 reported this disease as causing serious losses 
to cucumbers in the vicinity of Charleston and Beaufort, S.C. With 
this exception no published reports of its occurrence south of Vir- 
ginia and east of the Mississippi River had been found, and letters to 
experiment station pathologists from North Carolina to Louisiana had 
given no other definite information. 

Accordingly, during June and July, 1916, a scouting trip was made 
by the senior writer through North Carolina and South Carolina, 

1 Barre, H. W. Report of the botanist and plant pathologist. S. C. Agr. Exp. Sta., 27th Ann. Rpt., 

[1913]/14, p. 23. [1915.] 
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Georgia, and parts of Alabama for the purpose of obtaining further 
information as to the southern distribution of bacterial wilt of cu- 
curbits. The disease was found and pure cultures of Bacillus tra- 
cheiphilus were obtained from all four States above named. Later 
inoculations with these cultures into cucumbers in the greenhouse at 
Washington, D. C., gave typical wilt infection in every case, thus 
fully establishing the presence of the disease in these four Southern 
States. Specifically, natural infection was found on cucurbits in the 
field at West Raleigh (cucumber isolation R 316-a), Wilmington (cu- 
cumber isolation R 318), Goldsboro (cucumber isolations R 317 and 
En 160 and cantaloupe isolation Hn 161), and Garner, N. C.; at Or- 
angeburg and Bowman (cantaloupe isolation R 319),S. C.; at Albany 
(cucumber isolation R 320), at Athens (cucumber isolation R 325), 

Atlanta (cucumber isolation R 323), and Rome (cucumber isolation 
R 322), Ga.; and at Anniston (cucumber isolation R 321), Ala. The 
southernmost location visited was Albany, Ga., and here bacterial 
wilt was found on both cucumbers and cantaloupes. The worst 
damage in any of these cases occurred at Anniston, Ala., and Rome, 
Ga., where in some cases as high as 25 per cent of the cucumber or 
cantaloupe vines had succumbed. In the far southern or coastal lo- 
calities wilt was doing very much less damage, but this may have 
been partly due to the lateness of the cucumber season at the time 
the observations were made. In some of these localities (e. g., 
Charleston, S. C.), the cucumber season was entirely past, so that 
nothing but ripe fruit and dead vines were left. 

Reference to the map (fig. 6) will show all the localities in which - 
we have found this disease and from which we have obtained cultures, 
as well as the States from which the disease has been reported by 
other pathologists. Most of the reports of ‘‘specific localities” by 
other pathologists are from unpublished notes of Mr. W. W. Gilbert, 
of the Bureau of Plant Industry. During 1917 and 1918 bacterial 
wilt of cucurbits was reported by the Plant-Disease Survey ' not only 
from portions of the United States where it had hitherto been known 
to occur, but also from Alabama, Florida, Tennessee (Essary), Texas 
(J. J. T.), Kansas (Melchers), and probably also from California. 
The disease was also reported as never having been seen in the State 
of Maine. 

CONTROL. 

Relative to the problem of control, at least four courses lie open— 
(1) the finding or developing of resistant varieties, (2) spraying 
the plants with a bactericide, (3) eliminating the beetles through poi- 
sons or repellents, and (4) removing wilted plants as sources of spread 
through the beetles. 

1U, S. Department of Agriculture, Bureau of Plant Industry, Plant-Disease Survey, Plant-Disease 

Bulletin, v.1, no. 5, p. 92; no. 6, p. 101, 1917; v. 2, no. 4, p. 58; no. 10, p. 181, 1918, 
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VARIETY TESTS. 

The results of the tests already published 1 give little hope of con- 
trol in cucumbers or cantaloupes through resistant varieties. A sec- 
ond variety test on Long Island (1916) and a third at Tuxedo, Md., 

(1917) have not changed this conclusion. Wilt infection is rarely as 
bad in squashes as in cucumbers or cantaloupes and it,is not often 
serious enough to require special control measures. The variety 
tests showed greater differences in resistance among squashes, and 
should control become necessary it is possible that fairly immune 
varieties might be developed. 

SPRAY TESTS. 

The earlier spray tests? were repeated (1916) at Hast Marion, Long 
Island, on a larger scale and with some modifications. On May 12, 

& WUMBER AND S WEIGHT INE, 

Plat 1 2 3 4 5 6 7 & 9 10 1 

Fie. 10.—Curves showing the percentage of bacterial wilt and the weight and number of fruits in 11 plats 

of the cucumber spray test, East Marion, Long Island, N. Y., season of 1916. 

1916, Woodruff’s Hybrid cucumbers were planted in hills 3 by 4 
feet apart on a level and uniform strip of land about one-half acre 
in extent. This area was divided into 11 plats, each containing 81 
hills. Two of these plats were left untreated as controls, and one 
plat was treated to equal parts of lime and tobacco dust, while the 
remaining 8 plats were given spray applications varying as to num- 
ber and ingredients. The dates of application of the various treat- 

1 Rand, F. V., and Enlows, Ella M. A., 1916. Op. cit., p. 426-428. 
1 Rand, F. V., and Enlows, Ella M. A., 1916. Op. cit., p. 429-433. 
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ments were June 19, 28, July 6, 13, 18, 28, August 3, 13, and 16. 
Table I gives the details as to the number of plants, kind and num- 
ber of treatments, and wilt records for each plat in the field, and figure 
10 shows graphically the relative effect of the various treatments 
as compared with the control plats. Photographs of plats Nos. 1, 6, 
and 11, taken August 25, 1916 (Pls. IL and IV), show the appearance 
of the vines with all the applications of Bordeaux mixture and lead 
arsenate, with lead arsenate alone, and also without any treatment. 
Each stake shown in these photographs represents one case of wilt. 
In all cases the cucumbers were picked when about 6 inches in 
length. No new or special combinations of insecticides were used 
in this test, as the insect control, per se, is a matter left to the Bureau 
of Entomology. In the earlier tests, Bordeaux mixture with lead 
arsenate gave a better control than either mixture alone, so that 
2 pounds of lead arsenate paste were added to each 50 gallons of 
Bordeaux mixture used in this experiment. 

Taste 1.—Bacterial wilt record of the spray experiment in Field Ila at East Marion, 
Long Island, 1916. 

New cases of wilt at different dates. Wilt for the 
Nie season. 

ber of 
Plat 

areataenr No. July— August— _—_| Plants oe 
start. | Total.| cent- 

| 18 | 29 | 9 | 15 | 23 che 

Control, umsprayed< 3.:0222.5.-22-<25<< 1 6 12 56 25 11 i 248 111 45 
Bordeaux mixture plus lead arsenate: 

1-2-50-2, all applications. ......-. 2 7 7 50 29 6 4 325 103 32 
2-3-50-2, first two only.........-- 3 8 21 48 12 14 3 230 106 46 
2-3-50-2; first only ......-=----.-: + 3 26 52 43 5 2 234 131 56 
2-3-50-2, all but first four......-. 5 3 8 58 33 6 2 227 110 48 
2-3-50-2, allapplications. ........ 6 il 6 21 AT 7 8 267 60 22 
2-3-50-2, all but first.....-....... 7 3 5 30 24 15 5 268 82 30 
2-3-50-2, all but first and second. . 8 9 12 36 20 4 9 282 90 32 

Control, wasprayedises. s--asese oe 5s 9 2 32 41 26 14 3 231 118 51 
Lime and tobacco dust, all applica- 

GIONS. Sade a vcze se cette See ee eet 10 1 48 51 18 8 2 260 134 51 
Lead arsenate, 2-50, all applications..|- 11 11 19 66 16 18 7 264 137 52 

POEUN tot Lik ee Oe ae 60 | 196 | 509} 263] 108 46 | 2,836 | 1,182°|....... 

It will be noted that the reduction of wilt was greater with the 
2-3-50 Bordeaux mixture than with the 1-2-50 mixture, although 
the number and weight of fruit picked was slightly greater for the 
weaker mixture. The wilt records show the effect of the treatments 
on the wilt alone, while a comparison of the number and weight of 
fruit for the various plats shows the combined control against both 
wilt and downy mildew (caused by Pseudoperonospora cubensis). 
The latter disease became prevalent during the month of August 
(fig. 3). For control of wilt the last five treatments had no appre- 

ciable effect. Of the remaining four applications the two most 
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effective were made July 6 and 13, respectively, and it thus seems 
apparent that the greater portion of wilt infections took place during 
the first half of July. Reference to the beetle and wilt curves for 
this field (fig. 3) shows that this was during the period when the 
striped cucumber beetles were becoming less prevalent; but when 
it is known that wilt usually appears within less than two weeks 
after inoculation it is seen that this period of greatest probable infec- 
tion corresponds with the curves showing the actual appearance of 
wilt (fig. 3, II and Ila) in these two contiguous spray and cage-test 
blocks. 

During the following season (1917) another spray test was carried 
out near Tuxedo, Md., using Arlington White Spine cucumbers. 
The purpose of this experiment was to compare different strengths 
of Bordeaux mixture, as well as to gain further general evidence along 
the line of control. Applications of each mixture were made on 
June 13, 18, 25, July 2, 9, 17, 23, 30, and August 6, making nine 
treatments in all. Reference to Table IL will show the different 
mixtures used and the numbers and percentages of wilted plants in 
the different plats. Two pounds of lead arsenate paste-were added 
to each 50 gallons of Bordeaux mixture used. The total number of 
plants in each plat is based on the assumption of three to a hill, 
since they were thinned to approximately this number early in the 
season. Wilt in this field was not quite as serious as in the Long 
Island locality. 

TasBLe II.—Spray expertment at Tuxedo, Md. 

Numbe Percent 
Number 

Plat of plants age o 
No. Present: atthe | Srwit, | wilted 

art plants 

I | Bordeaux mixture plus lead arsenate, 2-3-50-2 ......-...---------- 225 37 | 16.4 
ig MCONLTOMNUTIS DIAy. COS so neon ade sees sas soca tekes nenideccasic a 225 94 41.7 
TI | Bordeaux mee plus lead arsenate, 3-4-50-2.......-..--------- 225 35 15.5 
IV | Bordeaux mixture plus lead arsenate, 4-5-50-2........------------- 225 26 11.5 
Wa |hControlmunsprayeds sass-O0- 2c. ser ee eo ees selsess eeeiine oe 225 80 35.5 
VI | Bordeaux mixture plus lead BEsen ate; BD - Oe sit. He clacene a gseee 177 5 2.8 

Wille |CControlunsprayed=s.2 5. os 22h ies. so scmioees fo cenn - Sees ee ueeee es 99 30 30.3 

The percentage of cases in the three unsprayed plats varied from 
30 to 42 per cent, while in the four sprayed plats only 3 to 16 per 
cent of the plants wilted. The fungicide was progressively more 
effective as the amount of copper sulphate was increased, the 4—2—50 
formula reducing the wilt to about 3 per cent. However, the excess 
of copper sulphate in this last mixture seriously burned the foliage, 
so that its general use can not be recommended. The 4—5-50 Bor- 
deaux mixture with 2 pounds of lead arsenate paste gives the best 
control of any treatment we have thus far used in our experiments. 
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PULLING TESTS. 

Since the cucumber beetles originally become carriers through 
feeding on wilt-infected plants, it was thought possible that by 
pulling the wilted plants during the early part of the season an appre- 
ciable measure of control might be effected. Accordingly at East 
Marion, Long Island (May 24, 1916), 200 hills of Woodruff’s Hybrid 
cucumber were planted in an isolated block, the location of which 
is shown in figure 1, Field IV. There were 800 plants in the field 
after thinning and at the time the first wilt appeared (June 29). 
Wilted plants were pulled and removed from the field 10 times through 
the season, on the following dates: June 29, July 11, 13, 18, 21, 27, 31, 
and August 11, 18, and 25. During the course of the season 249 
plants wilted, or 31 per cent of the total number left after thinning. 
In the control, untreated plats of spray-test Field Ila in this same 
locality (fig. 1) the amount of the disease varied from 45 to 56 per 
cent, while of about 1,000 unsprayed plants in Field II (fig. 1) 60 per 
cent wilted. Thus the control by pulling of wilted plants was 
entirely as effective as that by the weaker Bordeaux mixture used. 

This experiment was repeated in 1917, near Tuxedo, Md., using 
Arlington White Spine cucumbers. The number of plants left after 
thinning was 1,046, while 332, or a little less than 32 per cent, con- 
tracted wilt and were pulled during the season. The average wilt in 
the three untreated plats of the neighboring spray test was about 36 
per cent. Thus a slight difference is to be noted in favor of pulling 
the wilted plants, but the result is by no means so well marked as in 
the Long Island test. However, the Tuxedo plat was located in a — 
field of cucurbits and was separated from other cucumbers and canta- 
loupes only by a strip of watermelons 3 rods wide, while the test plat 
on Long Island was about one-eighth of a mile from any other cucur- 
bits, and corn and other noncucurbitaceous crops occupied the 
intervening area. 

Clearly some measure of control is effected by the pulling of wilted 
plants, but the presence of a neighboring field where this control 
method is not practiced may largely nullify the good results. 

CONTROL IN GREENHOUSES. 

The senior writer has in some cases found serious damage from 
wilt on cucumbers in commercial greenhouses. In these instances 
the striped cucumber beetle has cleariy been the first source of 
infection, though the greenhouse workers have sometimes continued 
the spread of the disease with much greater efficiency than the 
original carrier. Cases have been noted where wilt infection has 
followed down the row on one side of a greenhouse bed, taking nearly 
every plant, while on the other side of the same bed scarcely a single 
case could be found.. Here the evidence is clear that pruning instru- 
ments were the carriers of infection. 
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SUMMARY. 

As a result of our studies on bacterial wilt of cucurbits during the 
period 1914-1918, considerable new information regarding the disease 
and its relations to insects has been obtained. 

The disease occurs in 31 States, including the territory from Ver- 
mont and Canada to Florida and west to Minnesota, Nebraska, Colo- 
rado, and Texas. It also probably occurs in parts of California. 
Of our common domestic cucurbits the disease affects cucumbers, 
cantaloupes, summer and winter squashes, and pumpkins, but not 
watermelons. 

The severity of the disease varies widely in different seasons and 
localities from an occasional wilted plant up to a destruction of 75 to 
95 per cent of the crop. There is very little direct relation between 
percentage of infections and severity of the disease and ordinary 
weather conditions in the North, but there is a direct relation to prev- 
alence of cucumber beetles and condition of vigor in the host plant. 

Careful and extensive experiments have shown that infection does 
not come through soil or seed; that the squash bug (Anasa tristis), 
squash lady bird (Zpilachna borealis), melon aphis (Aphis gossypii), 
potato flea-beetle (Hpitriz cucumeris), and honeybee (Apis mellifera) 
are not wilt carriers; but that the striped cucumber beetle (Diabrotica 
vittata) and the 12-spotted cucumber beetle (D. duodecimpunctata) 
are both summer carriers and probably the only means of summer 
transmission of the disease in the localities studied. Infection 
through the breathing pores of the plant does not occur, introduc- 
tion of virulent bacteria into the interior plant tissues being neces- 
sary for infection. 

It has been definitely proved that bacterial wilt of cucurbits does 
not winter over in the soil, and all seed tests have given negative re- 
sults. The disease has been carried experimentally for six weeks by 
striped cucumber beetles hibernated artificially in cold storage. We 
have thus far been unable to hibernate the beetles for a longer period. 

Considerable circumstantial evidence, however, points to cucumber 
beetles as winter carriers. For example, among the first collections 
of beetles in the spring a small percentage were found to be wilt car- 
riers. The earliest cucurbits were still very small and no wilt was 
anywhere in evidence. Futhermore, a careful record of spring se- 
quence of wilt was kept in all field and garden plats of cucurbits in 
two localities and in all cases the leaves first showing wilt in the spring 
had typical cucumber-beetle injuries; the wilt had plainly started 
from these injured points, and there was a tendency for wilt to spread 
in groups around the original cases, in each new plant starting from 
beetle-injured leaves. In many of the cases such beetle injuries had 
not become general at this time throughout the fields. 
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After one initial feeding, striped cucumber beetles are sometimes 
capable of infecting at least four healthy cucumber plants successively 
fed upon, and after one wilt feeding some individuals in the active 
condition have still been capable of giving infection as long as 23 
days afterwards. : 

Dissection and inoculation experiments have shown virulent wilt 
bacteria present in the intestines of a portion of the beetles fed on 
wilted plants, and isolations of intestinal bacteria so far as tried 
showed in most cases an acid-forming and gas-forming flora antago- 
nistic to the wilt organism; but in 10 per cent (one experiment only) of 
the beetles used the intestinal bacteria were not inimical to the wilt 
organism, the latter remaining alive and causing infection in cucumber 
plants after three weeks’ growth in mixed culture with the intestinal 
bacteria. 

In the extensive virulence tests the various isolations of Bacillus 
tracheiphilus from different hosts and localities have shown wide and 
fairly constant differences in relative virulence to a given host variety. 
While in these tests the individual isolations have not preserved ex- 
actly the same order of relative virulence when inoculated into the 
different host species and varieties, the tendency has been in that 
direction. That is, isolations highly or weakly virulent to one variety 
of cucumbers have tended, respectively, to be highly or weakly viru- 
lent to another variety, and many though not all isolations highly 
virulent to cucumbers have been found capable of infecting squashes 
to a greater or less degree, while isolations of low virulence to cucum- _ 
bers have invariably given no infection at all in squashes. It is en- 
tirely possible that in addition to the many races of the parasite ex- 
hibiting varying degrees of relative virulence to any particular host 
species there may be also two distinct strains for cucumber and 
squash. 

Cucumbers are the most susceptible host species thus far tested 
and watermelons the most resistant of any species which has shown 
any host reaction at all. No authentic report of natural infection 
on watermelon has been found, and inoculations have given either 
negative results or at most a very slight local wilting. Cantaloupes 
are slightly more resistant than cucumbers, while the squash group 
stands next to watermelons in order of resistance. 

In greenhouse tests, given similar plants to start with, very little 
difference in the percentage of infection or progress of the disease oc- 
curs between wet versus dry inoculations or between those made in 
sunlight versus shade. On the other hand, badly stunted or old plants 
have in general shown a much lower percentage of infection and slower 
progress of wilt than young, vigorously growing plants of the same 
variety. Ordinary variations in weather conditions have very little 
direct effect on percentage of infection, but may possibly have some 
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effect on the rate of wilting. The principal essentials to maximum 
damage in cucumbers from wilt disease in the Northern and Middle 
States consist in maximum numbers of wilt-carrying cucumber beetles 
together with succulent, rapidly growing vines. Given these condi- 
tions, the injury will be severe with either wet or dry weather and 
within a considerable range of temperature. 

Where the disease is likely to be severe, spraying with strong Bor- 
deaux mixture and lead arsenate powder (4—5-50-2) is recommended. 

Treatments should begin as soon as the cucumber plants develop their 
first true leaves and should continue at intervals of about a week 
until the cucumber beetles practically disappear from the field. In 
localities where downy mildew is also prevalent the treatments 
should be continued later as a partial insurance against this disease. 
The beetles prefer unsprayed plants as food, and undoubtedly the 
efficiency of wilt control would be enhanced if a slightly earlier trap 
crop, such as squash, were planted along the edges of the cucumber 
field. The beetles could be poisoned there with a strong insecticide.+ 

The pulling of wilted vines during the first part of the season, or as 
long as it can be done without mechanically injuring the healthy 
plants, will greatly assist in controlling bacterial wilt if consistently 
done in all neighboring fields. The diseased vines should be buried 
or otherwise removed from access by the beetles. 
Where a few plants only are grown in garden plats, screening the 

hills with fine mosquito netting will prevent the appearance of the 
disease. On a large scale this method of control obviously would be 
impractical. 

For control in greenhouses the beetles should be kept out in the 
first place if possible. Do not grow cucurbits nor pile cucurbit refuse 
in the immediate vicinity of greenhouses, as this attracts the beetles 
and many will later find their way into the houses. If the beetles 
once gain entrance to a house filled with growing plants hand picking 
is the only remedy to be recommended until some fumigant is found 
that will kill the beetles without injuring the cucumber plants. 
Besides destroying the cucumber beetles, great care must be exer- 
cised in disinfecting all instruments used in pruning wilted vines 
before using them again on healthy plants. This may easily be 
done with a bottle of 1 to 1,000 mercuric chlorid and a sponge. In 
some cases it may be advantageous to keep the beetles out by 
screening doors, ventilators, and other openings into the greenhouse. 
For this purpose a netting with 18 meshes to the inch will be necessary. 

1 Directions for the control of the striped cucumber beetle are given in Farmers’ Bulletin 1038. (Chit- 

tenden, F. H. The striped cucumber beetle and its control. U.S. Dept. Agr. Farmers’ Bul. 1038, 20 p., 

15 figs. 1919.) This publication may be obtained free on application to the Secretary of Agriculture, 

Washington, D.C. The most approved methods as given include covering young plants, planting an 

excess of seed, clean culture, the use of trap plants, spraying with arsenate of lead and other arsenicals 

with or without Bordeaux mixture or the dry dusts, stimulation of growth, keeping the plants in good 

condition, and cooperation with neighboring growers of cucurbits in the use of control methods. 
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HISTORY OF THE DISEASE. 

The mosaic disease of sugar cane, the presence of which has 
recently been discovered in Louisiana and other Southern States, 
is the malady that in epidemic form has occasioned severe losses in 
parts of Porto Rico during the past four years. There it has been 
variously called matizado, ‘‘mottlings;’ rayas amarillas, ‘yellow 
stripe;’ morida de perro, ‘‘dog bite;” la enfermadad de Arecibo, 
“disease of Arecibo;” la enfermadad nueva, ‘‘new disease;” etc. 
The disease was first noticed in Porto Rico about the middle of 
1916. 

Starting from some point near Arecibo, on the north coast of 
Porto Rico, it spread rapidly over the cane fields to the west, down 
the west coast to the south coast, and up into the valleys and hil!s 
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of the interior throughout these regions. Its progress eastward was 
slower, but at the present time more than three-fourths of the cane 
fields of the island are invaded. 

During the last 12 months, methods of control have been put 
into operation which have undoubtedly aided in checking the spread 
of the disease into new territory. It has appeared sporadically at a 
few points in the eastern fourth of the island, but the planters, 

thoroughly aroused and alert, have not permitted it to spread there 
as it has in the west. It has become the practice to inspect the 
fields regularly and eradicate diseased individual plants as they 
appear, thus removing the source of infectious material. This 
method has been successful where only a small percentage of the 
plants are infected. In the west, where 75 to 100 per cent of the 
plants in commercial fields are diseased, this method naturally can 
not be recommended. The average reduction in output of sugar 
for 10 mills in the worst infected area has been nearly 40 per cent, 
notwithstanding an increased acreage in cane, while the average 
output for 10 mills in the disease-free area shows a slight gain for 
the same period. These figures are approximate, but they indicate 
clearly the gravity of the situation. 

The disease is not new, but was recognized as an undesirable 
condition in sugar cane as early as 1890 in Java, where it is called 
gele strepenziekte, ‘‘yellow stripe.’’' Owing to the failure of Dutch 
investigators to secure infection by artificial inoculation, they did 
not regard the disease as infectious, but rather as frequently recur- 
ring bud variations. This view was undoubtedly due to the fact 
that it had for years been present, but unnoticed and unrecorded as 
a specific disease, so that during this long period unconscious selec- 
tion had eliminated all but the more or less resistant but not immune- 
varieties of cane. Thus, where the disease had become endemic it 
would be especially injurious only to varieties imported from coun- 
tries where the disease did not exist. It would be difficult to carry 
on successful infection experiments where the disease is as prevalent 
as it is in Java. 

Dutch investigators reported the presence of yellow stripe in 
Egypt in 1909 on cane imported from Java and in the Hawaiian 
Islands in 1910. In the latter territory nearly all cane regions have 
become infested, and careful experiments have shown that where all 
plants in a field are attacked, according to Table I, it causes a reduc- 
tion in yield of sugar of 5 to 40 per cent, depending upon the variety 
of cane. 

1 Wilbrink, G.,!and Ledeboer, F. Bydrage tot de kennis der gelestrepenziekte. Meded. Proefstat. Java- 

Suikerindus., No. 39,2, p. 443-495, 5 pl. (4 col.), 1910. 
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Taste 1.—Tests of sugar cane, showing varietal resistance to the yellow-stripe (mosaic) 
disease in the Hawaiian Islands." 

Requirement 
Canes. Test of juice. per ton of 

sugar. bp | 

Variety.2 Condition. ———$_—_—— aus to |) 
C isease, 

Num- ae Brix | Su- | Pur- Weight Nutr | 
ber. weight scale. | crose. ity. Canccaliicancs! 

Plant cane (18 months 
old): : Pounds.| Deg. BONG Per cent. Tons. ey Per cent. 

Striped....-- 60| 4.10| 18.5| 16. 90.3 j 8 
H 227...-.---2------- {Hoatny tae o12| 5.17| 18.0] 162] 90.0] 8.07| 3,122 \ HEHIDD 
ae Striped.....- 50| 5.73-| 18.4] 16.5| 89.7| 7.95| 2,775 \ 45.20 

Fea ey oe ae Healthy.....| 248 6.57 roe i: E Rae g is See ; 
Striped.....- 50 5.69 17-3 : 2 rs 

H135..-..-------+--- {Featthy a 292! 6.96| 17.2] 15.4] 99.5] 8.52| 2,448 \ 15.97 
#90 Striped.....- 57 5.50 18.5 16.6 89.7 7.90 2, 873 \ 20.64 

reecetetecer eres {Fealthy 244| 7.08| 18.3) 163] 989.1| 8.07] 2,280 
69 Striped....-- 38 4.50 18.7 16.6 88.8 7.92 3, 520 \ 26.09 

te ES ees aS Healthy.... 265 6.12 18.8 16.6 88.0 7.96 | 2,606 K 

H 38 Striped...... 16 5.12 19.3 Gz) 91.7 7.33 2, 863 \ 5.83 

Goer rater ale aces \Frealtny, 296 5.60 18.8 17.2 91.5 7.55 | 2,696 : 
“oF Striped...... 39) 803/ 191) It) 85) 787) 190K ao 6 

seecececesec esas {Healthy 2. 172| 9.16] 18.7| 16-7| 89.3| -7.86| 1,716 
a6 Striped...... 16 4,00] 18.8] 16.9} 89.9] 7.73| 3,865) 3,4 

ys ape partes te ees Healthy....-| 174 6.39 18.5 16.4 88.6 8.04 | 2,517 5 
ier Striped...... Bailie G2tule 1080: |x aot |O0F0) 7564) 2,410 1), 6 og 

aT Bae ATONE Real Healthy....-| 154 6.90 18.8 16.8 89.4 7.81 | 2,264 
H 276 Striped....-- 32 6.01 18.1 15.7 86.7 8.49 | 2,825 \ 14.46 

RES ee hea ta Healthy.....| 196 6.96 18.2 15.8 86.8 8.41 2,417 % 
H 291 Striped.....- 79 4.05 20.0 18.1 90.5 G2 3, 561 \ 19.7 

par encarta ay fee 5 Heelers 185 Pan 19.8 a ee ul ue ares . 
triped.....-}| 20 c 19.8 ul 8.8 jiloe r 

IL a Baboon geon see odie {Healthy eae 191| 5.50| 20.2] 18.0] 989.1| 7.31] 2) 659 \ 46. 45 
F339 (Striped...... 15 4.03 16.7 14.5 86.8 9.17] 4,551 27.76 

PERT Seo ay latte gle Seay Healthy....-| 126 B20) IST 15.4 87.0 8.63 | 3,288 $ 
F355 Striped...... 219 25) 18.8 15.5 82.4 8.81 3, 356 13.72 

Ora bth ee Healthy....- 70 6.03 19.2 aed 81.8 8.73 | 2,895 G 
Bea oy: cane (11 

months old): 
Striped.....- 75 4.73 19.3 17.2 89.1 7.65 | 3,235 

JEL BIE Boooe aun obHSELEe Healthy..... BOs) Sete Gil en | ra ace een 
#197 ‘peat see ates 58 2.80 19.9 18.2 91.5 7.13 | 5,090 \ 24.63 

a Fk Be ae CHR Healthy....-| 310 3.60 20.3 18.7 92.1 6.91 3, 840 : 
109 {Fontan BeOASS 109 3.99 19.5 17.9 91.8 tee. |o.350L9 \ 5 

TIM lee tok Healthy....-| 288 3.96 19.9 18.2 91.5 7.13 3, 601 t 
ay Striped...2.- 84] 3.50] 190/ 167) B19} ZO) 4,220) 1476 

Rabat woke Cs Healthy..... 213 4.08 19.1 16.8 88.0 7.86 | 3,853 
— Striped.2227; 23 | 480) 18:5) 164) 886/ 8.04) 3,288) 99 og 
MTN Renee oe: gi: a ue S ieee a8 3 z 50 2, a : 

- Elpedeeccer 6 Uff 90.4 100 2 
“Moy CIC e Bcotace Healthy... gin | see| isi| io soo| rit| a2ao9 |t 262 

ain fStriped..--.. 260] 3.09| 17.6| 15.2] 86.4] 8.77| 5,676 oy 9 
Finer) y MMT NE Healthy....-| 68 4.37 17.8 TDS Sal 8.57 | 3, 693 : 

H 20 Striped...... 24 4.10 19.3 73) 89.6 7.08 3, 454 11.97 
anes Wn Oa cy Healthy.....| 345 | 4.73 19.9 18.1 91.0 7.19 | 3,040 f 

1 Lyon, H. L. Losses due to yellow stripe disease. Jn Hawaiian Planters’ Rec., v. 6, No. 5, p. 258-263, 
ne ior to use the data in this table was obtained from the editor of the Hawaiian Planters’ 

2 H= Hawaii seedling. 

Table I indicates clearly that the loss is due almost entirely to 
reduced tonnage. Diseased canes are uniformly much lighter than 
healthy canes of the same variety. 

During the early part of the present year the mosaic disease was 
discovered by the writer at three different points in Cuba, apparently 
as the result of separate importations. At Cienfuegos it has been 
present for nearly 20 years, but as a result of discarding diseased 
plants in the seedling and propagating fields because of their unthrifty 
appearance, and perhaps partly owing to the fact that a proper agent 

—" 
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of transmission was not present or at least not abundant in this 
region, it has spread very little. At Santiago de las Vegas it was 
found on plants recently imported from Louisiana and from Tucuman, 
Argentina. The latter plants had come originally from Java. The 
disease had spread from these plants to an adjoining field of the native 
Crystalina cane. In view of this demonstration of its ability to 
spread at Santiago, it is very fortunate that the diseased plants were 
early observed and destroyed. A slight infection has been found at 
Mercedes, also as the result of a recent importation. 

Infected cuttings have been received in both Porto Rico and Cuba 
from Tucuman, Argentina, but to what extent the disease is prevalent 
in Argentina has not been learned. 

Last year the mosaic disease was found in abundance at La Romana 
and the city of Santo Domingo, Santo Domingo, and less plentifully 
at Samana, La Vega, Monte Cristi, and Bonao.t’ Lastly it was dis- 
covered at St. Croix, Virgin Islands, on cane imported from Porto 

1 1 

eo DISTRIBUTION IN THE UNITED STATES.? 

The presence of the mosaic disease in the United States was first 
suspected when an agent of the Office of Sugar-Plant Investigations 
of the United States Department of Agriculture discovered young 
diseased cane in Porto Rico from seed cane imported from Louisiana. 
The plants were so young at the time that secondary infection seemed 
improbable, and it was assumed that the seed pieces were diseased 
when shipped from Louisiana. Accordingly another agent of the. 
same office visited Louisiana and on July 7, 1919, confirmed the 
presence of mosaic there. The State authorities were apprised of this 
important disclosure, and the Government agent made a _ hurried 
reconnoissance of the Gulf States, which revealed the fact that the 
disease was already quite widely distributed there. 

On account of the infectious nature of the malady and the fact that 
it has caused severe losses in other cane countries, a complete sur- 
vey of the Southern States was immediately instituted to determine 
the location of all infested areas and, if possible, to trace the original 
importation of the disease and the course of its subsequent spread. 
Infested areas have been well delimited. The disease has been found 
by inspectors of the United States Department of Agriculture in 
Louisiana, Florida, Georgia, Alabama, and Mississippi (fig. 1). It 
is most abundant in Louisiana, as would be expected. There the 
river district is already badly infested. As far north as Angola, in 
West Feliciana Parish, several fields in a large plantation were found 

1Stevenson, John A. The mottling disease of sugar cane. Jn Jour. Dept. Agr. and Labor, Porto Rico 

in press). 

2 Thanks are due to Mr. W. G. Taggart, vice director of the University of Louisiana Sugar Cane Experi- 

ment Station, and to Dr. C. W. Edgerton, pathologist, Louisiana Experiment Station, for courtesies 

extended to the writer and suggestions facilitating the survey in Louisiana. 
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in which 75 per cent or more of the plants had the mosaic disease. 
From this point south to Donaldsonville, however, the amount of 

infection is not heavy. Many plantations are entirely free from 
mosaic, so far as can be determined by inspection. From Donaldson- 
ville to New Orleans an increasing amount of infection was recorded 
by the mspectors. Between Lutcher and Reserve, about 75 per cent 
of the plants in every plantation were infected. This is by far the 
most heavily infested large area in the United States. From this 
region to New Orleans and from New Orleans to the lower extremity 
of the river district the amount of infection ranges from 4 to 30 per 
cent. Just a few fields were visited where no mosaic was found. 

Fic. 1.—Map showing the location of diseased areas of sugar cane in the United States. 

In the Bayou Lafourche district mosaic was found in only about one 
out of four fields visited and where present amounted to only 1 to 8 per 
cent of the plants. In the Bayou Teche district no mosaic was 
found on plantation cane, although nearly 500 fields were carefully 
inspected. A few cases were found in this region on cane recently 
distributed by the State Sugar Experiment Station. The imme- 

_ diate destruction of these few sources of infection is a matter of great 
importance. No mosaic whatever was found west of Bayou Teche 
or in Avoyelles and Rapides Parishes to the north. Thus, a very 
considerable part of the sugar-cane lands of Louisiana is still free 
from the disease, and every effort should be made to keep it free. 

In Georgia the worst infested region is in the vicinity of Cairo, 
Grady County. There the proportion of infection ranges from less 
than 1 to 75 per cent or more in fields where the disease is presént, 
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but only about one-fourth of the cane fields in this county harbor 
the infection at all. The affected area is quite sharply delimited, all of 
the disease being confined at present to farms located on the high- 
ways leading out from Cairo. The cane fields in Georgia consist 
usually of a few acres grown for sirup making. It is quite possible 
that by prompt and energetic action this community could free 
itself from the mosaic disease in short order. 

Cane fields are distributed over practically the whole State of 
Florida, but the crop is grown largely for sirup for home use and 
the cane patches are even smaller than those in Georgia. Mosaic 
has been widely scattered over the State by the distribution of cut- 
tings from experimental plats grown for the purpose of testing 
varieties. There are only two points, however, where the disease 

has spread so as to include any considerable area, namely, the vicini- 

ties of Marianna and Bristol. Other points in Florida where mosaic 
has been found include Apalachicola, Tallahassee, Punta Gorda, 

Palmetto, De Land, Winterhaven, Chattahoochee, Muscogee, and 

Canal Point. These are all purely local infections, and in some eases 
the disease has not yet spread more than a few rods from the 
original plantings shipped in from other States. An eradication 
campaign would be entirely practicable in Florida. 

Mosaic has been discovered at only one point, Biloxi, in Mississippi. 
From the farm on which it first appeared it spread to one other farm 
in the vicinity. 

In Alabama similarly, it was found only on one place, near Mus- 
cogee, Fla. It was confined to the farm where it first appeared. 

Final reports on the results of the inspection in Texas must be 
deferred, since the survey is still under way in that State. 

The survey has also been very illuminating concerning the prob- 
able time of introduction of the disease into this country and the: 
method of its subsequent spread here. Since 1913 a prohibitory 
regulation has been placed upon the introduction of sugar cane into 
the continental United States, and it is probable that no cane has 
been introduced since that time. Prior to 1913 varieties of sugar 
cane were imported many times by private individuals and by various 
Government agencies. The Sugar Experiment Station of the Louisi- 
ana State University, at Audubon Park, has been particularly active 
in importing new varieties, with the idea of securing some higher in 
sugar content and yield than those already grown here. Whether the 
mosaic was introduced by the experiment station or by private indi- 
viduals no particular blame attaches to those who are responsible for 
the importation of this obscure disease. There is no known method 
by which the presence of the disease in cuttings can be positively 
established. It is merely pointed out that such an importation 
would be practically impossible with the present quarantine against 
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sugar cane. Concerning the probable time of the importation that 
was responsible for the present wide distribution of mosaic in Amer- 
ica, the survey has brought out the fact that the distribution of cut- 
tings by the Louisiana Sugar Experiment Station in 1914 and prior 
to that time has not resulted in establishing the disease at the points 
where such cane was received. Since 1914, however, every point 
receiving seed from the station has become the center of a larger or 
smaller infected area. The inference, of course, is that while the 
disease may have been present at the station for a few years prior 
to 1914, it had not become so widespread that every seed shipment 
from, there contained some infected cuttings. At the present time, 
about 97 per cent of the cane plants at the station have the mosaic 
disease. It is probable that private individuals have imported cane 
with this disease, but such cane is not likely to be widely distributed, 
and its spread, therefore, must depend upon natural agencies, a 
much slower process. 

Without exception, every infested area in Georgia and Boris can 
be directly traced to distributions of seed cane from the Sirup Field 
Station at Cairo, Ga., since 1916, and the infection at this station 
dates from the importation of a number of varieties from Audubon 
Park in 1915. In nearly every instance where diseased cuttings 
have been received from Cairo, it has resulted in secondary infection 
of the surrounding native cane. 

The above is the brief and much condensed compendium of a large 
amount of data collected during July, August, and September, 
1919. It has made possible the recommendation of plans of attack 
upon the mosaic disease, which vary slightly in the different cane 
regions of the country, but all of which, if strictly adhered to by every 
cane planter, will bring the disease under control. Its capacity for 
rapid spread, as demonstrated in Georgia and Florida, means that 
a lapse of one year will result in immeasurably complicating the 
problem of ultimate eradication. 

LOSSES IN THE UNITED STATES. 

Since the mosaic disease had been unrecognized in this country until 
the writer announced its presence in July of this year, no extensive 
data have been accumulated to determine whether the losses caused 
by it in the United States are comparable with those sustained in Porto 
Rico. A few figures (Table II) have been obtained in Louisiana, 

however, which indicate that we may expect a decrease in yield 
almost equal to that in Porto Rico if the disease is permitted to 
become as widespread here as it is in that country. Losses here are 
held in check somewhat on account of frequent replanting. It has 
been noticed that where infected sugar cane is allowed to ratoon over 
a long period of years that losses due to the mosaic are more severe 



8 BULLETIN 829, U. S. DEPARTMENT OF AGRICULTURE. 

each successive year. The figures in Table II were obtained by 
cutting all of the cane in approximately square patches of about 
one-tenth to one-fifth of an acre selected in commercial fields and 
in the fields at the Sugar Experiment Station, Audubon Park, La. 
The stalks cut from such patches were then sorted into two classes, 
diseased and healthy, and the average weight of stalks in each class 
was determined. The patches were not selected at random, but an 
attempt was made to find areas where the mosaic was doing a max1- 
mum amount of damage and at the same time a sufficient number of 
healthy plants were present in the patches, growing under identical 
conditions, in order to make a fair comparison possible. Since, if 
no attempt is made to control the disease in these fields, we may 
expect ultimately to find an infection of 100 per cent, the losses will 
then be equivalent to the figures found in column 5 of Table IT. 

TaBLe I].—Tests of sugar cane in Louisiana, showing the extent of losses in different 
varieties. 

Average weight of | Reduc- 

stalks— tion in| Diseased | 7 oc j 
Variety. weight of] stalks in | ¢onn. a 

: diseased field. pe 
Healthy. |Diseased. | Healthy. | Diseased.} stalks. 

Number of stalks— 

: Pounds. | Pounds. | Per cent. | Per cent. | Per cent. 
Louisiana Purple..............- 330 160 1:13 024 38 32 12.16 
Louisiana Striped. -..+..--..--- 268 100 1. 507 1. 22 19 27 5. 13 
D/A ete eee asec oe 204 108 1.27 1. 03 18 34 6.12 
Dp-95 aie (oleretexsielei=.nreteneyel 348 136 1.65 1.16 29 28 8.12 
A ii ee ee ees oe eee 373 310 . 874 787 10 45 4.5 

PRIMARY SYMPTOMS. 

Upon walking between the rows of cane in an affected field, more 
or less plants will be seen that are conspicuous on account of a gen- 
eral pallor of the leaves. This may be discernible for many rods. 
Closer examination of such plants reveals that the pallor is due to 
irregular light-colored streaks or spots on the leaves. The affected 
leaf areas, in so far as color is concerned, are of two distinct types. 
The most common type presents merely a ‘“‘washed-out”’ appearance. 
It is, in fact, merely a tint of the normal color, in which the blue and 
yellow are present in the same proportions but diluted. In the sec- 
ond type, the yellow is predominant, and the affected areas have a 
decided yellowish green appearance. The normal and affected areas 
are sharply demarked. In other words, there is no gradual merging 
of one color into the other. There is a great diversity of patterns 
in the different varieties, due to the variation in the amount, size, and 
shape of the light-colored areas, but the arrangement is so constant 
in any particular kind of cane that the character could be used as an 
aid in determining varieties. 
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Among the cane varieties commonly grown in Louisiana and other 
‘Southern States, some rather constant differences occur in the expres- 
sion of the mosaic disease. In L 511 it will be noticed that streaks 

are rather scant in newly invaded leaves and on account of their light 
color make a great contrast with the normal areas. They are bluntly 
pointed and range from one-sixteenth to three-sixteenths of an inch 

- wide and from one-fourth of an inch to 8 or 4 inches long (PI. I, fig. 4). 
Later, the light areas or streaks are more numerous and in most 
cases tend to become confluent in well-defined bands of light tissue 
extending across the leaf at right angles to the midrib and alternating 
with bands where the light streaks remain isolated. These bands are 
from 14 to 2 inches long. The above condition is typical of the 
disease as it appears in L 511, but does not invariably occur. 

In D 74 the streaks are not usually isolated, even at first, so that 
very quickly the coalesced light areas are predominant and the nor- 
mal areas appear as irregular, elongated islands 1 thirty-second to 
three-eighths of an inch wide and of varying length, from one-fourth 
of an inch to several inches, as shown in Plate I, fig. 5. Affected 
areas are light green at first, but the tendency for the whole leaf 
to become opaque yellow is pronounced. 

In purple cane the light areas are elongate and isolated at first, but 
later they predominate and coalesce and the normal green shows as 
irregular elongated islands, as illustrated in Plate I, fig.5. The islands 
are not of uniform width or length. 

In the youngest leaves of Ribbon cane, the light areas are in the 
shape of attenuated streaks, usually about one-eighth of an inch wide 
and one-half of an inch to 14 inches long, but the size varies greatly, 
some streaks being very minute, and others, by running together at 
the ends, form continuous stripes 6 inches or more in length. In 
general, the streaks are isolated from one another and uniformly dis- 
tributed on the leaf blade as in Plate I, fig. 4. The amount of nor- 
mal-colored tissue greatly exceeds the light tissue at this time. Excep- 
tionally, the light streaks may be confluent from the first, and this is 
more frequently seen near the midrib, leaving the margin normal in color 
orwith a fewscattered palestreaks. In slightly older leaves, by growth 
and confluence of the light-colored areas the latter becomes predomi- 
nant and the whole leaf becomes pallid or even yellow in its general ap- 
pearance. The dark-green or normal areas are now very scant, and 
they appear as elongated streaks in the pale green, just the reverse of 
the condition in young leaves, except that the dark-green streaks 
are less regular in outline. The individual streaks vary considerably 
in width and direction throughout their extent, streaks perhaps 
three-eighths of an inch wide at one end becoming constricted to 
1 thirty-second of an inch, then alternately widening and narrow- 
ing or becoming oblique with the midrib, with no apparent forces 

142481°—19—Bull. 829 2 
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limiting their extent or direction except that in general they are 
elongated in the direction of the parallel veins of the leaf. 

In D 95 the light areas are predominant from the start (PL. I, fig. 5). 
In L 219 the light streaks are isolated near the base of the leaf but 

-become confluent toward the tip. 
Tn L 226 the streaks are isolated and even in older leaves remain so. 
L 231 is very severely injured. The leaves are usually quite yellow, 

as shown in Plate I, fig. 6. Practically the entire surface is light 
from the beginning. There are exceptions, however. The amount of 
injury in this variety is variable. 

L 253 is quite tolerant. The lighter areas predominate but are not 
yellowish. All plants seen were dark green and vigorous. 

SECONDARY SYMPTOMS. 

Field observations covering a number of years indicate that the 
deleterious effects of the mosaic disease are cumulative. The streak- 
ing and spotting of the leaves discussed above are the only noticeable. 
sign in newly infected plants. The disease is never fatal during the 
first year and, in fact, it rarely terminates in death even in diseased 
plants that have been allowed ‘to ratoon for years. Usually, however, 
more serious effects are seen in first ratoons of cane which became in- 
fected the previous year or in plant cane originating from diseased 
cuttings. At this time another quite distinct leaf symptom appears. 
It consists of small white opaque spots and streaks in the light-colored 
areas. These streaks are smaller than the light areas previously men- 
tioned and differ from them in having no pigment whatever. They 
range from mere points to elongated irregular streaks several inches 
in length. The white streaks may become confluent to a limited 
extent. They are for the most part restricted to the light-green areas 
of affected leaves, but do not correspond to them in outline and 
typically remain more or less isolated from one another. The white 
opaque tissue has a dried-out appearance and seems to be quite 
functionless. It remains firm, however, and does not become brown 
or rot out. The amount of total leaf area occupied by this type 
of tissue rarely exceeds 20 to 30 per cent of the whole. 

At about the same time, or during the next year, a still more in- 
jurious sign of mosaic appears, namely, the stripimg or cankering of 
the stalk. This is much more marked in some varieties than in 
others. Ordinarily, it does not become noticeable until the cane is 
quite well developed. By tearing away the enveloping leaf. bases, 
cankers can sometimes be found in the incipient stage. They appear 
as discolored or water-soaked patches or longitudinal streaks on the - 
internodes. In severe cases these areas become sunken and the 
internodes are spindle shaped and attenuated. Longitudinal cracks 
may appear, resulting in the drying out of the cane.- There is a 
tendency toward shortening of the joints and premature development 
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_1.—A short piece of healthy leaf of the immune variety Kavan- 
gire. 

2.—A piece of leaf of variety B-3922, showing isolated, more 
or less rounded and irregular patches of normal color on a 
background of pallid, affected tissue. 

3.—A piece of leaf of variety D-117, showing a mosaic pattern 
somewhat similar to the above, but finer. 



PLATE | 

“CANE AND OTHER GRASSES. 

4.—A common type of mosaic, irregular streaks of pallid 
green, of unequal length and width but elongated in the direc- 
tion of the long axis of the leaf, on a background of normal 
green; on leaf of variety Rayada. 

5.—A pattern somewhat similar to the above, but with the 
colors reversed, so that the pallid green predominates; on leaf 
of variety G. C. 1479. 

6.—The most injurious of the common types of mosaic. Just 
a few streaks or islands of normal green remain on a back- 
ground of yellowish green; on leaf of variety M. P. R. 2. 
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of roots and shoots at the nodes of standing cane. Figure 2 shows 

such a condition in Yellow Caledonia cane. The photograph repro- 

duced here was taken at Arecibo, Porto Rico, in 1919, and the 

probabilities are that the plant had been infected for at least five 

years. These iden- 

tical cuttings and 
similar ones were 
brought to Washing- 
ton and planted in 
a quarantine green- 
house. Most of them 
srew, but at the pres- 
ent time, five months 
after planting, they 
are scarcely 1 foot 
tal. The opaque 
white streaking 
covers practically ail 
of the leaf area. This 
is the most excessive 

injury ever observed 
by the writer. Most 
varieties of cane do 
not go to pieces like 
this, but rather the 
injury to stalks con- 
sists merely of re- 
tarded development. 
Among the well- 
known varieties, 

however, all grada- 
tions in the extent of 

injury between these 
two extremes are to 

be found. 
When a large pro- 

portion of the plants 
in a field are infested, 
the aspect in general 
resembles the effect Fic. 2.—Canker stage in Yellow Caledonia sugar cane; healthy cane of 

the same variety in center. 

of a severe drought. 
The foliage of the entire field is yeliowish, and the plants are more or less 
noticeably stunted. Where a row of some immune variety is planted 
in or near a badly infested field, the contrast in color is exceedingly 
conspicuous and the dwarfed habit of infected plants is more notice- 
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able. It is possible to recognize such fields from a distance of half a 
mile or more on account of their sickly, dry appearance. 

INJURIES RESEMBLING MOSAIC. 

Many types of injury are commonly found on cane leaves that 
might be confused with this malady by one not familiar with it. 
The condition termed chlorosis, which is due for the most part to 
soil conditions, expresses itself in many ways, some of which closely 
simulate the mosaic disease. The affected areas are white opaque 
or yellow, and the most familiar form is a regular striping of the leaves 
longitudinally. The stripes usually extend the entire length of the 
leaves and may be about one-eighth of an inch wide and numerous, 
with normal green stripes of equal width spaced between them, or 
the chlorotic areas may be quite wide. Occasionally, the entire leaf 
is pure white. Less frequently the areas are in the form of large 
spots or blotches, extending inward from the margins of leaves or 
situated at the center of the blades anywhere from base to tip. 
Another type, which is rare, consists of a very fine irregular white 
mottling of the leaves, which, however, is in local patches and does 
not involve the whole leaf, as is invariably the case with the mosaic 
disease. Many fungi cause spotting of the leaves of cane, but these 
can easily be distinguished, as the spots usually turn brown and the 
leaf tissue dies, which does not occur in the cane mosaic. Since a 
pale-green halo is sometimes present surrounding these small spots, 
they have the appearance of mosaic from a distance, especially 
when quite numerous, but a close examination always reveals quite 
distinct differences. Many insects, especially those which feed by 
puncturing the leaf epidermis and sucking the sap from the layers 
of cells below, cause a very fine mottling of the leaves when the 
punctures are present in enormous numbers. Ordinarily, the punc- 
tures are scattered and can lead to no confusion. This type of in- 
jury can also be determined by close inspection, since the minute 
pale area surrounding each individual puncture is almost exactly 
circular and has no tendency to elongation in the direction of the 
long axis of the leaf, such as is almost invariably the case in true 
mosaic. Drought, lack of proper nutrients in the soil, excessive 
rainfall, and poor tilth, or combinations of these, sometimes result in 
a general pallor or yellowing of the leaves, but this color is always 
uniform and can lead to no confusion. 

VARIETAL SUSCEPTIBILITY. 

VARIETIES ATTACKED. 

More than a thousand varieties of cane have been determined to be 
susceptible to the mosaic disease. Most of these are the progeny of 
seedling canes that exist in small variety-test rows or patches at the 
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. varlous sugar-cane experiment stations, but the list includes also 
practically all of the commercially esteemed sorts grown for the mills 
on a plantation scale. 

So far as can be learned, none of the varieties grown in Java is 
truly immune, but a high degree of resistance or tolerance of the 
disease has been observed in the favorite Java seedling canes grown 
in Porto Rico, a probable explanation of which has already been given. 
Only Java 56, 100, 228, and 234 have been seen by the writer in 
Porto Rico, but all of these, though 100 per cent of the individuals 
were affected, made a thrifty growth and produced apparently normal 
stalks. The leaves are not noticeably yellowed, but on the contrary 

appear to be of uniform dark-green color when viewed from a dis- 
tance. Close inspection, however, shows the characteristic streaks, 
but the diseased areas are very little lighter than the normal areas. 
Probably the damage done to an individual plant is slight, but the 
ageregate damage to all of the individuals in a field is a measurable 
quantity and has been shown to be quite considerable in Java. In 
the different varieties all degrees of tolerance are exhibited, ranging 
from the highly resistant Java canes down to the soft white Otaheite 
or Bourbon cane, which is so severely injured that the cane is hardly 
worth milling. In addition to the conditions which might be termed 
varietal tolerance of the disease, some varieties exhibit decided and 
rather constant differences in the percentage of individuals that 
become affected under the same conditions. This is brought out in 
variety-row tests where the same varieties have been planted at 
several points in the same field. Under these conditions it has been 
found that some varieties will show a 100 per cent infection of the 
individuals in all of the rows, while in others perhaps only 60 per cent 
of the plants will be diseased in each of the separated rows or plats. 
It seems reasonable to suppose that all varieties were equally exposed 
to the contagion in such situations. This fact indicates a possibility 
of resistant strains among the individuals of a variety. 

The Rayada or Striped cane and the Crystalina or White Trans- 
parent, the two favorite varieties in Porto Rico, are severely injured. 
Yellow Caledonia is grown on a large scale im some localities, and 
plants of this variety killed by the mosaic disease have been observed. 
This is quite unusual, since attacked plants of most varieties become 
badly stunted but do not die. All seedling canes from Demerara 
and Barbados grown in Porto Rico are attacked. Seedlings of the 
Insular and Federal agricultural experiment stations ieee are all 
affected, as are the seedlings originated at Centrals Guanica and Fa- 
jardo. Among the varieties planted commercially to a limited ex- 
tent the Bambu, Cavengerie, Morada, and, in fact, all the broad- 
leaved canes have proved to be susceptible. 
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In Cuba all varieties that are exposed seem to become infected, 
but since the disease has not become rampant nor spread over any 
considerable area no opportunity to observe the reaction of all the 
varieties grown there is to be had. Practically all of the seedlings 
originated in the Harvard Experiment Station near Cienfuegos were 
affected, as well as the imported Java 228, L 511, and the native 
Crystalina at Santiago de las Vegas. 

Practically all varieties are attacked in the Hawaiian Islands, and 
extensive damage is done. 

The common varieties in Louisiana have proved susceptible to 
mosaic disease. Louisiana Purple, Louisiana Striped, D 74, D 95, 
L 511, L 218, L 219, L 226, L 231, L 253, and hundreds of seedlings 
being tested at the Louisiana Sugar Experiment Station all fall prey 
to the ravages of this disease. 

IMMUNE VARIETIES. 

Fortunately a few varieties of sugar cane have been discovered. 
which appear to be entirely immune. Most of them are of the 
slender North India type, generally known as Japanese canes. The 
Kavangire, a variety which, because of its prolific stooling, yields a 
very large tonnage and is much esteemed in Argentina for making 
sugar has never been observed to be diseased, although it has been 
exposed to infection for four years in the worst infested regions of 
Porto Rico.’ It is a rather long season cane, however, and for this 

reason is probably not suited to Louisiana conditions. Another Jap- 
anese cane, Cayana 10, which is becoming prominent in the sirup 

, sections of Georgia and Florida, is also immune. This variety has 
already met with considerable favor on the part of cane growers in 
Georgia. All the other Japanese varieties observed, including many 
imported by the Office of Foreign Seed and Plant Introduction of 
the Bureau of Plant Industry, have been found to be uniformly free 
from this disease. 
Among the broad-leaved thicker stalked varieties several kinds 

have been found that appear to be immune, but our evidence of their 
immunity is not so complete as is the case with the Japanese varieties. 
Louisiana seedlings 1646, 1606, 1674, and 1797, growing in the 
variety test plats at Audubon Park, New Orleans, this year appeared 
to be immune. No individuals of these varieties were diseased, 
although they were surrounded by other varieties, the individuals 
of which averaged 97 per cent diseased. 

1 Townsend, C. O. An immune variety of cane. (Abstract of an article by F.S. Earle.) In Science, 

n.s., v. 49, no. 1272, p. 470-472. 1919. 5 
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OTHER HOSTS. 

A number of other grass plants are known to be subject to the 
mosaic disease, but apparently they are attacked with difficulty 
and only under conditions favorable to the disease. Among these 
hosts are corn, sorghum, rice, millet, crab-grass, foxtail, and Panicum. 
Probably the list of susceptible plants is much larger, but up to the 
present time opportunity for testing others has not been had. In 
the case of corn, rice, and millet, we have no experimental proof that 
the diseases are the same, but must depend upon field observations. 
Tf not the same, the disease must be very similar, since the leaf 
symptoms are identical. The characteristic streaked and spotted 
appearance of the leaves is present in all attacked plants. 

With regard to sorghum, crab-grass, foxtail, and Panicum our 
evidence is conclusive and proves that the infectious material or virus 
is the same for all of these plants. Sorghum seed of the Karly 
Amber, Sugar Drip, and Japanese Ribbon varieties was sown in a 
bed at the quarantine greenhouse at Washington, where diseased 
plants of 17 different varieties of sugar cane were growing. When the 
sorghum plants were about half grown, practically all of them began 
to produce mottled leaves and continued to do so until they went to 
seed. 

_ Theseed was saved from these sorghum plants to determine whether 
the disease is transmitted to the next generation in the true seed.! 
The leaf symptoms in these greenhouse plants were exactly like the 
symptoms on sugar-cane leaves. Plants arismg from the same batch 
of seed used in the greenhouse experiment cited above but planted 
elsewhere and not exposed to the disease did not show the phenomenon 
but produced healthy leaves of uniform color. The crab-grass, fox- 
tail, and Panicum came up as volunteer plants in the quarantine - 
greenhouse. Scores of stools of these weeds were allowed to mature 
for observation and identification. Every plant became infected 
and exhibited the typical leaf symptoms. Some half dozen other 
species of wild grasses were present in the greenhouse, but they were 
not attacked. All of the wild gresses were abundant outside of the 
greenhouse, but in spite of an assiduous search in the vicinity not 
a single infected plant could be found. The conclusion to be drawn 
from these observations is obvious. We are not dealing with simiiar 
mosaic diseases of these various graminicolous hosts, the viruses of 
which are specific for each host, but with one and the same disease. 

The existence of other host plants, especially the common wild 
grasses, would appear to be one of the most alarming of the recent _ 
developments in the problem. It is needless to say that the control 

1 This seed was plantedin flats. At the present time, three weeks after germination, no sign of the mosaic 

has appeared. 
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of the disease would be immeasurably complicated if it were to be- 
come prevalent on such omnipresent weeds. Fortunately, however, 
our observations appear to indicate that the grasses other than cane 
become infected only under conditions favorable to the disease and 
in the near vicinity of infecved sugar-cane plants. Infected corn, 
for instance, has been seen by the writer only in Porto Rico, where 
it was growing between the rows of diseased cane stubble. Infected 
rice plants were observed there only once, growing just across a 
narrow dirt road from a badly attacked cane field. At Audubon 
Park, La., attacked sorghum was seen in a similar situation, the 
most remote plants being only about 3 rods from the cane, and the 
percentage of attacked plants decreased in an inverse ratio to the 
distance from the cane. The same was true of crab-grass, which 
was abundant in the sorghum field. These observations are en- 
couraging and tend to offset the disconcerting facts discussed above. 

NATURE OF THE DISEASE. 

INFECTION PHENOMENA. 

Sugar-cane mosaic is an infectious chlorosis, similar in many re- 
spects to the mosaic diseases of tobacco, cucumber, bean, tomato, 
and potato. Evidence of its infectious nature exists in hundreds of 
field observations and in the infection of experimental plants under 
controlled conditions. The well-defined epidemic in Porto Rico, in 
which it has been established that the disease started in a small local 
area and gradually spread from this focus of infection, diseased plants 
being confined within the limits of the ever-increasing infested terri- 
tory and not appearing sporadically at remote points, is convincing. 
It leads to the inevitable conclusion that some virus or inoculum is 
responsible for the appearance of new cases and that the only source 
of inoculum is some plant previously infected with the disease. No 
other explanation accounts satisfactorily for the observed facts, 
Climatic conditions were at first suggested, but the epidemic has 
lasted already for a period of years, during which rainfall, tempera- 
ture, sunshine, and the other factors that go to make up climate 
have been normal. The wearing out of soils was regarded as a 
possible cause, but during the steady progress of the disease it gradu- 
ally encroached upon every conceivable type of soil, including the 
richest and most productive in the island. Strong support was 
given to the idea that it was a case of deterioration or the ‘‘running 
out” of varieties, but when it became evident that all varieties 

present in the invaded district were affected, this idea was aban- 
doned. For the same reason the hypothesis that it is a case of bud 
variations, or ‘‘sports,’? seems highly improbable, and when the 
regular progress of the epidemic is borne in mind, radiating outward 
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_ as it does from a common starting point, there is seen to be nothing 
to substantiate this claim. 

Only a few specific observations of infection may be cited in the 
limited space available. In October, 1918, healthy seed of about. 80 
varieties was brought into the infested area from disease-free regions 
in order to determine whether any natural immunity existed among 
the varieties present in Porto Rico. This seed was planted at the 
Santa Rita estate, near Yauco. When the seed germinated, the 
young plants were seen to be healthy and normal, but within six 
weeks to two months practically every plant of all varieties with one 
exception (the Japanese Kavangire) showed the unmistakable symp- 
toms of mosaic. This was a clear case of secondary infection from 
the fields of diseased cane surrounding the test plat. 

At Santiago de las Vegas, Cuba, about 200 seed pieces of Java 228 
cane imported from Tucuman, Argentina, were planted in two rows, 
and two rows of the native Crystalina cane were planted beside them. 
The Java cane was 100 per cent infected when it came up, the cut- 
tings having come from diseased parent plants. When this planting 
was examined in June, 1919, 75 per cent of the Crystalina plants 
were characteristically diseased. The Crystalina seed pieces had 
come from a field which was minutely searched and found to be en- 
tirely free from disease. No other cases were found in the entire 
region, in fact, with the exception of a single stool of L 511 imported 
from Louisiana. 

In July, 1919, a field of D 74 stubble cane, grown for sirup near 
Cairo, Ga., was found to be healthy with the exception of one corner 
near the kitchen garden, where about 80 per cent of the plants had 
the mosaic. Investigation revealed the fact that a patch of green 
chewing cane had been growing adjacent to the D 74 at that corner 
during the preceding year. The green cane was found growing else- 
where on the farm this year, and examination showed that every 
plant had the mosaic disease. Clearly the D 74 had become infected 
last year, the disease had survived the winter in the stubble, and the 
shoots were diseased when they appeared again. 

At Washington, D. C., 17 varieties of cane, all diseased, are growing 
in an insect-proof quarantine greenhouse.! From time to time 
healthy sugar-cane plants in pots have been taken into the greenhouse 
and left exposed to the contagion. Invariably they show the incip- 
lent symptoms of the disease on the average in 17 days, proving that 
the incubation period is from two to three weeks. As has been men- 
tioned elsewhere, sorghum and wild grasses taken into this greenhouse 
have also become infected. Much more evidence of this kind could 
be adduced, but it is believed to be sufficiently clear that infection 

1 Insects were present in the greenhouse. 
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by some principle present only in dieased plants is responsible for the 
appearance of the disease in formerly healthy individuals. 

TRANSMISSION OF MOSAIC IN DISEASED SEED PIECES. 

Experiments in Porto Rico * and elsewhere have repeatedly demon- 
strated that cuttings from infected stalks invariably give rise to 
infected plants. ‘The young shoots are seen to be mottled as soon as 
they appear. These are referred to as primary infections. The 
fact is one of far-reaching importance, and to it must be attributed the 
spread of the disease to new regions, remote from any infected cane, 
by shipments of cane seed. ‘The use of diseased stalks for propagating 
results in wider distribution of diseased plants on the same planta- 
tion from year to year and insures the survival of the virus, even in 
the absence of secondary infections. Transmission of the disease in 
cuttings is a fact, the importance of which can not be overemphasized 
in view of its obvious bearing on control measures. 

TRANSMISSION OF THE DISEASE BY CARRIERS, 

It can be proved mathematically that by the law of chance the 
percentage of diseased plants in a plantation would tend to remain 
stationary from year to year provided there was no conscious or 
unconscious selection,” if the spread of the disease depended wholly 
upon the use of infected cuttings. Nature has provided a far more 
efficient method for the quick dissemination of the malady. Second- 
ary infection, 1. e., infection due to the inoculation of healthy plants 
during the growing season, goes on at a more or less rapid rate wher- 
ever the disease has been observed. Secondary infections are easily 
determined as such when the plants are young. In the case of plants 
infected in the greenhouse it has been determined that only the leaves 
which were immature at the time of inoculation and leaves subse- 
quently formed become mottled. When a plant is found with normal 
leaves up to a certain point on the stalk and mottled leaves above 
that point it is a clear case of secondary infection. Since in older 
plants the lower leaves are gradually sloughed off until only a 
relatively small terminal tuft of the youngest leaves remain when the 
plant approaches maturity, this method is obviously limited to 
young plants or to plants with green leaves still present above and 
below the point of inoculation. 

The rate of spread of the disease, as indicated by these secondary 
infections, varies greatly. Fields are frequently seen in which there 
has been apparently no secondary infection during an entire growing 

1 Stevenson, John A. The ‘mottling’ disease ofcane. Porto Rico Insular Exp. Sta. Ann, Rpt. 1916-17, 

p- 40-77. 1917. [Literature], p. 76-77. ¥ 
2 Selection is employed where the disease is not recognized. During the beginning of the epidemic in 

Porto Rico, when sugar was bringing an unprecendented price, it was learned that the manager of one ofthe 

mills was instructed to grind the best cane and save the poorest for seed. The ‘‘poorest’’ was undoubtedly 

that attacked by mosiac. 
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season. As an extreme case illustrating this point, the fields near 
Cienfuegos, Cuba, may be cited. There the disease has merely sur- 
vived by the planting of infected seed pieces, and secondary infection, 
if it. goes on at all, is certainly very limited. Even in Porto Rico, 
during the height of the epidemic, secondary infection was at a 
standstill in some localities for a year or more. On the contrary, 
whole fields of healthy cane became infected in the short space of a 
month or two. Such a case was the invasion of the variety test field 
at Santa Rita, Porto Rico, previously mentioned. No doubt the 
explanation for this great variation in rate of spread by secondary 
infection must be sought in the mechanics of inoculation. Up to 
the present no positive proof of the method by which inoculation is 
accomplished in nature has been brought forward. Reasoning from 
the fact that new cases often appear at some distance from diseased 
individuals, it would seem that some agent or carrier is necessary. 
Mere contact of diseased and healthy plants does not serve to com- 
municate the infection from the former to the latter. In no case has 
the planting of healthy cuttings in the same pots with diseased plants 
resulted in the new plants becoming diseased. The same holds true 
for plants in the field, where healthy plants are often seen with their 
leaves mingling freely with the leaves of diseased plants for a time 
much longer than the incubation period for mosaic, but with no 
evidence of transference of the inoculum. It is evident that special 
conditions are necessary in order that the disease can be communi- 
cated to healthy plants. 

Field observations indicate that acceleration in the spread of the 
mosaic disease is accompanied with or preceded by severe insect infesta- 
tions. The cane leafhopper (Tettigonia sp.) in particular has been 
noticed to accompany therapid spreading of thedisease. This evidence 
is incomplete, but it is supported by the fact that 10 healthy plants 
placed in insect-proof cages in the greenhouse at Garrett Park, Md., 
did not contract the disease, while five control plants outside of the 
cages, but otherwise under identical conditions, all became infected. 
Aphids were abundant on the diseased cane in this greenhouse, and 
a few leafhoppers were present. A great deal of experimental work 
remains to be done before formal proof of the responsibility of any 
particular insect or insects for the transmission of the disease can 
be quoted - 

| SOIL RELATIONS. 

There has been no indication that the contagion persists in the soil 
after a crop has been removed and the stubble plowed up. Fields 
that have been veritable hotbeds of infection after being plowed up 
and planted with clean seed have only a few scattered cases, which 
can be accounted for by faulty seed selection. Healthy cuttings 
planted in the soil of pots from which badly diseased specimens ‘pnd 
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just been removed grew without any evidence of the disease. The - 
virus does not live over in the soil and it is doubtful whether it exists 
there at any time. In this respect the mosaic does not by any means 
present the practical difficulties in the way of control measures to be 
met with in root-rot. Root-rot, in fact, is to be regarded as a far 
more serious problem for the Louisiana cane planter than mosaic on 
this account. 

RELATION TO DISINFECTANTS. 

Treatment of infected seed pieces by soaking in strong Bordeaux 
mixture or corrosive sublimate previous to planting has had no effect 
on the course of the disease. All shoots were typically mottled as 
soon as they appeared. It was hardly to be expected that superficial 
disinfection could influence the virility of the infectious principle when 
all our evidence indicates that the latter permeates the internal 
tissues, or at least the vascular systems of affected plants. 

RELATION TO FERTILIZERS. 

Many experiments ' have been performed in Porto Rico to deter- 
mine the effect of applying fertilizers, since the claim was made by 
many planters that mosaic was due to insufficiency of plant nutrients 
in the soil. Filter press cake, sulphate of ammonia, and lime in 
various combinations, together with turning under cover crops and 
good tilth, had no noticeable effect on the disease as compared with 
control plats. Standard complete fertilizers were also tried. Beyond 
aslight stimulation in growth and the darker green color of the treated 
plants, there was no observed effect. Diseased plants may be expected 
to respond to good growing conditions the same as healthy ones, 
but the same constant difference between healthy and diseased plants 
is maintained under all conditions. The diseased stalks remain below 
the average weight for healthy stalks and are just as capable of 
spreading the disease. Liming the soil has no more effect on diseased 
plants than the application of fertilizers. 

CONTROL. 

It is interesting to note that in Java long experience has demon- 
strated that the disease can best be held in check by careful selection 
of healthy plants for seed and by replanting fields with cuttings taken 
from the same field, in preference to buying cuttings of unknown 
origin or moving the cuttings from field to field on the same plan- 
tation. The use of such methods practically amounts to tacit 
admission of the infectious nature of cane mosaic, although it is 
ascribed to “bud variation.”” The facts which have most impressed 
the Dutch planters are that -cuttings from diseased stalks always 

1S$tevenson, John A. The ‘‘mottling’’ disease of cane. Porto Rico Insular Exp. Sta. Ann, Rpt., 

1916-17, p. 40-77, 1917. [Literature] p. 76-77. 
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produce diseased plants and that careless importation of seed is 
apt to result in increased amounts of the disease. 

In the Hawaiian Islands also the disease is controlled by selection 
of clean seed and the use of resistant varieties. 

Measures for controlling the mosaic disease recommended in the 
following pages are not haphazard expedients, but have been used 
with very satisfactory results in Porto Rico for more than a year. 
Planters there have paid a heavy price to learn them, and it is urged 
that planters of sugar cane in the United States cooperate to prevent 
a possible epidemic. Indifference to the situation may result in the 
cane growers being confronted with the fact that it is too late to prac- 
tice seed selection, as is already the case in western Porto Rico. 
At present, it will work no particular hardship on the planters to 
take steps that will reduce the disease to a minimum. 

ELIMINATION BY ROGUING. 

Roguing consists of pulling out infected plants, root, stem, and 
branch, and throwing them down between the rows. It is based on 
the fact that as soon as the plants are wilted they are no longer 
dangerous as a source of infection. This method is applicable only. 
to fields in which the disease has not obtained a strong foothold. 
Tt is not recommended for fields in which the number of infected plants 
exceeds 5 per cent in half-grown to mature cane or 20 per cent in young 
plants just sprouting. The size of the field and the condition of 
surrounding fields with reference to the occurrence of the disease 
in them must also be taken into consideration. When the field is 
quite small or consists merely of a few rows or plants of a new variety 
being propagated for trial on a plantation scale, it should be rogued 
even if 100 per cent of the plants are infected. Such plants are a 
‘constant menace to plants in surrounding fields. In large fields 
where the proportion of diseased individuals is greater than 20 per 
cent, roguing is impracticable, not because the plants are any less 
potent as sources of infection, but because diseased plants produce 
millable cane, and to destroy considerable quantities of such plants 
would probably result in greater financial loss than would be sustained 

_ by the reduction in yield due to new cases. Large fields with a high 
percentage of diseased plants should be allowed to mature, but no 
cane from such fields should be saved for seed. —= 

It is suggested that the following schedule of inspections and 
roguing be put into operation: In the spring, just as soon as all of the 
plants have sprouted, the fields should be inspected by passing up 
and down the rows. All diseased stools should be pulled out of the 
ground and cast down between the rows. If this first inspection is 
carried out in a thorough manner the field will be completely freed 
from the disease provided no secondary infections are going on. 
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Since there are as yet no certain means of determining the latter 
fact, a second inspection is essential. It should be made from 25 
to 30 days after the first, a lapse of time sufficiently in excess of the 
incubation period for mosaic to insure recognition of the disease in 
plants moculated prior to the first Inspection. If no diseased plants 
are found during the second inspection, it can be assumed that 
secondary infection is not in operation and that the remaining 
plants will continue healthy. If diseased plants are found, how- 
ever, it establishes the fact that secondary infections are going on. 
The field should be rogued as before, and a third inspection made 
after the same interval, i. e., 25 to 30 days. If the carriers remain 
active it may be necessary to repeat the process several times, and 
owing to the impossibility of recognizing the disease in inoculated 
plants before the end of the incubation period it is certain that 
plants which have become infected just before the inspection is 
made will escape detection. This emphasizes the necessity for 
making the first inspection early, preferably before leafhoppers or 
other sucking insects have appeared on the plants. 

This procedure may result in perfect control or eradication of the 
disease or in partial control, the element of uncertainty being due to 
our inability to control the carriers. By it their activity can be 
rendered less effective by reducing the sources of inoculum to a 
minimum. It has effectually halted the progress of the disease into 
new territory in Porto Rico. 

ELIMINATION BY GRINDING ALL CANE AND SECURING CLEAN SEED. 

In badly infested sections the problem is manifestly complicated. 
Where 25 to 60 per cent or more of the plants in large fields are 
diseased, roguing is obviously out of the question. Such plantings 
should be allowed to mature. Every stalk of it should be ground, 
however, and the stubble plowed up and killed. This means, of 
course, that carefully selected seed must be imported. for replanting. 
Fortunately there is still an abundance of healthy stock in Louisiana 
and other cane sections in the United States. As a result of its 
recent exhaustive survey for mosiac disease, the Office of Sugar- 
Plant Investigations of the Bureau of Plant Industry is in a position 

-to furnish information on the nearest or most accessible source of 
clean seed for any region. Data have been secured on the prevalence 
of other diseases and insect pests in all cane regions, so that reason- 
able security against the dissemination of other cane maladies is 
assured. 

EXCLUSION. 

There are at the present time (October, 1919) a number of large 
cane areas in the United States not yet mvaded by the mosaic 
disease. Cane planters in these areas should urge the enactment of 
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State legislation prohibiting the importing of cane into them from 
any source whatever until such time as it can be accompanied by an 
authentic certification of health. Such areas include the entire 
Bayou Teche district. and the parishes to the north in Louisiana, 
consisting of St. Mary, Iberia, Vermilion, Lafayette, St. Martin, 
Acadia, St. Landry, Avoyelles, and Rapides. This is, of course, 
the most important disease-free area. (Fig. 2.) Other similar 

LOUISIANA 
SCALE STATUTE MILES 

© KSOLATED IMFETTION 
DISEASE FREL AREA 
SCILY UVECTED 

QW AAV INFECTED 
EES VEL HEAVILF IPETCTED | 

Fic. 3.—Map of Louisiana, showing the location of diseased areas of sugar cane in that State. 

areas are the entire State of Mississippi with the exception of Biloxi; 
the entire State of Alabama except a small locality near Muscogee, 
Fla.; the entire State of Georgia except Grady County; and all parts 
of Florida other than those indicated in figure 4. 

ERADICATION.1 

Where the disease is present in small amount and in few well- 
defined areas, the possibility of quick and complete eradication 
exists. Such conditions are found in Mississippi, Alabama, and 
Florida. (See fig. 1.) The cane in these areas should all be ground 

during the present harvesting season and the stubble plowed up. 
As a precautionary measure, some crop other than a grass should 
be grown. on the land for one year, after which cane may again be 
grown with safety. The two small infested areas in Alabama and 

1Jn so far as it applies to the regions indicated, we concur in this suggestion by Mr. Wilmon Newell, 

Plant Commissioner of Florida. 
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Mississippi offer no difficulty at all. They can be destroyed with 
practically no loss to the owners, and the assurance of healthy crops 
in the future more than offsets the inconvenience of growing some 
other crop on the land now occupied by infected cane. The success 
of the measure in Florida is made possible by the present organization 
of the State plant board, which has already met the test of success- 
fully handling more serious problems. 

ELIMINATION BY PLANTING IMMUNE VARIETIES. 

Success of the control measures suggested up to the present depends 
- entirely upon the whole-hearted cooperation of all cane growers. 

FLORIDA 
SCALE - STATUTE MILES 

o cs mB 4 

® ¢ 

Fia. 4.—Map of Florida, showing the location of diseased areas of sugar cane in that State. 

There yet remains a method, applicable only to certain regions, by 
which a planter can make himself wholly independent of any default 
on the part of his neighbors. A few varieties of sugar cane have been 
discovered that are absolutely immune to mosaic under all condi- 
tions. Most of them are of the type referred to as Japanese cane. 
Their origin is obscure. They have certain characteristics In com- 
mon. All are tall growing with slender stalks. They stool abund- 
antly, ratoon well, and produce an enormous tonnage. The sucrose 
content is not so high as in some of the broad-leaved canes, but in 
sugar per acre they take first rank with the best existing varieties. 
The Kavangire, Zwinga, Uba, Cayana 10, and numerous others 
imported by the office of Foreign Seed and Plant Introduction are 
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included among these varieties. The Cayana 10 has already won a 
well-deserved popularity among the farmers of the cane-sirup 
section in Georgia and northern Florida on account of its high 
tonnage and the excellent quality of sirup made fromit. The Kavan- 
vire is used for manufacturing sugar in Argentina. Its estimable 
qualities are brought out in Table III. 

Fic. 5.—Kavangire sugar cane (immune), at the left; G. C. 1070 (susceptible), at the center; Java 36 (sus- 

ceptible but tolerant), at the right. 

Tasie III.— Yueld and analysis of Kavangire sugar cane compared with other standard 
varieties.+ 

Average | Weight is Weight 
. weight | ofcane rix . of sugar Variety. of single per Scales Sucrose. | Purity. per 

canes. | hectare.3 hectare.3 

Kilos.2.| Kilos.2 | Degrees..| Per cent. | Per cent.| Kilos.2 
DAWU CAT OWN etaral Satara Walcrarern Saran isee nee 0.68 166, 850% 17. 84 15.68 87.5 16,090 
UERIE) SOSA Bike See oan earners Sena 1.36 | 117,300 17.55 15. 34 87.4 - 11, 024 
ENP eS ae a ne a a . 84 95,725 17. 54 15.79 89. 96 ONb383 
AB OUISI AIAG Osc oes eeelcie ate Ne alse eaten 1. 87 118, 125 17.32 15. 34 87.05 10,973 
VAN GB oe see So pu ade ator bee mame>aOBeoeneHs 1.10 89,975 16. 67 14. 41 86. 40 7,853 
Rayada (Louisiana Striped)..-...........- 1.71 94,150 18. 26 16.39 89.74 9,714 
AER SHES Us ies Be ess etna) ea Se a ee 95 75,550 19. 02 16.66 87.08 7,703 
Morada Cousens AULT CY (C2) Meeesepne sees 1.28 72, 925 16.69 14. 54 87.07 6,354 
RETO TY GAAS Been ae I STR AVM a 1523 76,575 16.98 14. 36 83. 88 5,998 
Java 00 oe Se eB sso saaceb ese Uesabesoeeao aces 1.00 79,675 16.03 13.57 89.68 6,456 
PAN ey a Sy Ne eee ye Re 95 33, 325 719.15 17.50 91. 54 3,940 

1 Bennett, A. G. Informe de subestaciones para el afio 1914. Jn Rev. Indus. y Agr. Tucuman, afio 5, 
p. 208-209. "1914. ; 

2 A kilo is the equivalent of 2.2 pounds. 3 A hectare is the equivalent of 2.47 acres. 
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Figure 5 shows a row of Kavangire cane on the left; a susceptible 
variety, G. C. 1070, at the center; and a diseased but tolerant variety, 
Java 56, on the right. Unfortunately, the Kavangire variety is a 
long-season cane and therefore not suitable for conditions in Louisiana. 
The possibility of breeding more early maturing varieties from these 
parents is being investigated. 

Several of the broad-leaved varieties of cane originated at the 
Sugar Cane Experiment Station at Audubon Park, La., appear to be 
immune. Although equally exposed to the contagion, no individuals 
of these varieties have become affected, while practically every plant 
of the scores of other varieties surrounding them is diseased. They 
have been under observation for too short a time, however, to 
demonstrate that their apparent immunity is permanent. 

O 
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EXPERIMENTAL WORK. 

Precooling, that is, cooling down rapidly to a refrigerating tem- 
perature either before or immediately after fruit is placed in cars for 
shipment, has resulted in appreciable savings in the shipment of 
perishable fruits. 

_ Powell” has shown that the precooling of oranges rendered them 
less susceptible to decay. He has also shown that fruit even slightly 
injured is much more liable to fungous infection and decay than 
sound fruit. 
Ramsey* comes to much the same conclusion as regards the ship- 

ment of red raspberries from the Puyallup Valley. 
Stevens and Wilcox,‘ working with strawberries, showed that 

Rhizopus nigricans Ehrenb., which causes much of the decay of this 
fruit in transit, could not infect unwounded berries and that less 
infection occurred when the berries were properly cooled and 

=r refrigerated until they reached the market. = 

1 This bulletin gives the result of a portion of the work carried on under the project ‘‘ Factors Affect- 
ing the Storage Life of Fruits.’’ 

2 Powell et al. The decay of oranges while in transit from California. U.S. Dept. Agr., Bur. Plant 
Indus. Bul. 123, 79 p., illus. 1908. 

3 Ramsey, H.J. Factors governing the successful shipment of red raspberries from the Puyallup Valley. 
U.S. Dept. Agr. Bul. 274, 37 p., illus. 1915. 

4 Stevens, Neil E., and Wilcox, R. B. Rhizopus rot of strawberries in transit. U.S. Dept. Agr. Bul. 
531, 22 p. Literature cited, p. 21-22, 1917. 

152340°—20—Bull. 830 
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Ridley! shows that careful picking’ and ‘handling, together with 
the prompt and thorough cocling of ‘strawberries, reduce losses in 
transit. . 

Stevens and Wilcox ?in a later paper showed that picking the 
fruit in the cool of the day decreased the losses from decay. They 
also found that washing strawberries picked during the hottest part 
of the day resulted in less loss from leak caused by Rhizopus nigricans 
than when the fruit was shipped without washing. This was con- 
sidered to be due to the fact that the berries were cooled by the 
evaporation of the water from the surface. These writers state that 
“berries picked in the early morning are cool and less likely to decay 
than those picked in the heat of the day.” 

From these investigations it is evident that uninjured fruits are 
not so liable to decay from fungous infection as those which are 
injured and that fruit cooled as soon as possible after harvesting or 
picked when cool is less likely to become infected. 

DESCRIPTION OF THE METHOD EMPLOYED. 

The present investigation was undertaken to see whether small 
fruits when cooled were less liable to injury than if picked or handled 
when they are warm. ‘'The small fruits used in the experiment were 
black raspberries, red raspberries, blackberries, and strawberries. 
Cherries weré alsoused. Most of the fruit was obtained from Arling- 
ton Farm, but for a part of it the writers are indebted to the hor- 
ticultural department of the Maryland State Agricultural College. 

The resistance of the epidermis of the fruit to wounding was deter- 
mined by means of an apparatus which had been used in measuring 
the pressure required to puncture the tissue of potatoes.? (Fig. 1.) 
This apparatus consisted of a modified Joly balance. To the lower 
end of the spring of this balance was attached a metal rod which 
passed through a short glass tube attached to the upright stand of 
the instrument. Hair free on both the tube and rod made it possible 
to determine the point at which tension on the spring balanced a 
given weight. At the end of this metal rod a glass rod was attached, 
to which was cemented a small glass needle with rounded end. The 
weight of the rod and needle was, of course, within the capacity of 
the spring. In operating this apparatus the fruit was placed on 
the stand of the instrument in a suitable holder and the stand was so 
adjusted that the surface of the fruit was just in contact with the tip 
of the needle when the two hair lines coincided. The tension on 

1 Ridley, V. W. Factors in transportation of strawberries from the Ozark region. U.S. Dept. Agr., 

Bur. Markets Doc. 8, 19 p. 6 fig. 1918. 

2 Stevens, Neil E.,and Wilcox, R.B. Further studies of the rots of strawberry fruits. U.S. Dept. Agr. 

Bul. 686, 14 p, 1918. 
® Hawkins, Lon A.,and Harvey, R. B. Physiological study of the parasitism of Pythium debaryanum 

Hesse on the potato tuber. Im Jour. Agr. Research, v. 18, no. 5, p. 275-298, 1919. 
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the spring was released by means 

of a rack and pinion adjustment 

until a quick drop in the needle 

showed that it had penetrated 

the epidermis of the fruit. The 

reading on the scale of the in- 

strument was then taken and the 

weight required to balance this 

tension on the spring determined. 

The weight of the glass rod and 

needle, minus the weight required 

to balance the tension on the 
spring, gives the pressure of the 
needle on the fruit at the time it 
punctures the epidermis. 

CONDITIONS OF THE TESTS, 

Five tests were made on differ- 
ent regions of each fruit, and a 
number of fruits, varying from 5 to 
16, were used in all experiments. 
The fruit was picked in the morn- 
ing of the day the determinations 
were made and tested at room tem- 
perature and after being cooled in 
the ice box. Tests were also made 
on berries washed in tap water, in- 
asmuch as berries are frequently 
washed before packing and ship- 
ping commercially. As already 
mentioned, Stevens and Wilcox 
have shown that the washing of 
strawberries is beneficial. In a 
number of cases the fruit was 
tested the day itwas picked, part of 
it placed in the ice box and tested 
later, and the remainder allowed to 
stand in the ice box for 24 hours. 
It was tested again on being re- 
moved from the ice box and later 
after it had had time to warm to 
room temperature. The results 
of these determinations with the 
different varieties of the fruits are 
given in Table I. The number of 

Fig. 1. 
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a 
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Apparatus used in determining the pres- 

sure necessary to puncture fruits. 
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determinations indicates the number of berries or cherries used. 
Each berry was tested five times and the tests averaged. The pres- 
sures required to puncture the epidermis of the fruit in each separate 
lot were averaged, and the results are shown in the appropriate 
columns. The temperatures at which they were tested and the treat- 
ment given the fruits before testing are also shown in the table. 

TaBLeE I.—Pressure required to puncture certain fruits freshly picked and after 24 hours 
under stated conditions, each determination representing the average of five punctures on 
a single fruit. - . ; 

Sec. AA—STRAWBERRY Fruits, UsING A NEEDLE 636 MICRONS IN DIAMETER. 

Tested soon after picking. Tested after 24 hoursin ice box. 

i 

aie > Warmed to 
Cooled in ice | Washed in tap]_, 

Warm. Boul Sa es vemper, Cold. 

ee: BIS|/ 32/3/38 l2|s 8 l2| se l2|¢ 
3 3) 2 |S 3 2 |s i) x |g 3 # ls 3 q 
Salo] 3B leulSilia als] 8 fale] 8B eale| 3 
Uq S.Oag lio Mea fl] ao [Sal fl] ao tog Sl so 
= S8/5 |] & lssi 8] S esis] 3 5/58] S sl 8] 8 
| 2 oe on!) 6 tal orn) 2 H Ors} S col On| 6 a 

Ho| & 2 mal & o mal & 2 nal & >) nwoal| & oO 
Sa|e] 8 88/8] 3 85/8] 8 I8a} 8] 8 Sas] 8 

i a pon n I i= nA re a n gS n 

Eye] 2 8 js] 8 Ee |e] 2 8 |e} 2 8 le} g 
5 o Hq /5 o HS ) a |S ) a |S i) 2 
A |e) me i |e] em 4 ye] ea ie je) ie ope] 
ica —$—_ | —————— ——— —— —oe 

°C.) Gms °C.) Gms. Pal Gas. - GC Gms: °C. Gms. 
LO) | 2604241 | hee ake 9 | 26 | 4.76 | 10] 25 | 3.64] 12] 16| 6°34 
LOD 29 A798 TOs 16. to; Sta 5 2 
9 | 24 | 3.87 | 9 | 13 | 5.39 

26 | 26} 4.11 | 18 | 16 | 6.05 
7 | 23 {5.06 | 54°16 | 6.50 
7 | 29 | 4.88 7 | 16) 7.79 
5 | 30] 4.95 | 6} 16 | 6.79 
bye) W723) (as fee da it bs ll | 

Sec. B.—BLACK RASPBERRY FRuITS, USING A NEEDLE 121 MICRONS IN DIAMETER. 

Undetermined..-..------..- Sul TAs G2 23h seee| see ee sees 4.15 10 | 13 | 5.55 

Sec. C.—RED RASPBERRY FRuITS, USING A NEEDLE 313 MICRONS IN DIAMETER. 

3. 88 
3. 51 

10 
10 

28 
28 

12 
9 

27 
28 

4.86 | 15 
4.93 | 10 

16 
16 

6.41 iRanere!GSt-2eg7s)). a=- ase 
6. 66 Undetermined.....-......-- 10 | 13 enix ela ~ tell eeaieere 

10 | 3| 5. 65 

Sec. D—BLACKBERRY Fruits, UstInc A NEEDLE 60 MICRONS IN DIAMETER. 

12 | 27} 5.62 | 15 | 13] 7.16 TIC  Sacoc ace sich esiessaaies = 15 | 26 | 5.60 | 16 | 13 | 6.36 | 15 | 26 | 5.46 
ABOU Wil O11 steams cee ee 15 | 28 | 5.45 | 15 | 13 | 6.50 | 15 | 28 | 5.53 | 15 |} 28 | 5.69 | 15] 13] 6.35 
WaChUSCtiS 5 2) sctacc asain 14 | 26 | 6.52] 15] 16 | 847] 15} 26 | 6.30] 5] 26] 7.36] 5)13]) 8.18 
MAWlOMe 25 srecie sane ee T4250) 08,094) LE | ALS: WOU8s: [steel <2) .cpietei| tosses oie] minis) era eeel| aperayel teeta 
Wmknownes.2s2c-tsbec 24 soe 16" }26° |6200) | 14. | 3) 85 Ue | V5e| 265) Gx2e ce she oles eee ee [errr 

DO Sic 2 sociececesen eee TOs) w26r | he 02a | Wo: || ML AN NOG |e sl Saxe ore ore: ate far erate | ayataye| eeenr=eate loser are | meee 
Nau lees RR een One sere LOH E27 | e794 lOO Ss | 82/98 |e | aes «| stem a2 5 | 26 | 6.93 | 5]13] 9.59 

Sec. E.—CHERRY Fruits, Using 4 NEEDLE 68 MIcRONS IN DIAMETER. 

6. 46 
6.88 

5. 08 
5. 65 

15 | 16 
16 | 13 

Montmorency. .2:..2:----2 15 | 27 
DO SR Seen eee ane 16 | 29 
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DISCUSSION OF RESULTS. 

Table I shows that the average pressure required to puncture 
berries that have been cooled is considerably more than that required 
for warm berries. This is true not only for the freshly picked fruit 
but also holds for.the berries that were maintained at ice-box tem- 

- perature (about 16° C.) for 24 hours. 
Section A of Table I shows the average pressure in grams required 

to puncture strawberries freshly picked and treated in various ways. 
With the freshly picked fruit the pressures required (with a 636-micron 
needle) are from 0.76 to 2.96 grams higher with the cooled berries 
than with fruit from the same lots tested immediately at room tem- 
perature. This is a marked increase in the resistance of the epidermis 
to puncture. Washing in tap water without lowering the tempera- 
ture did not apparently increase the resistance of the berries to punc- 
ture, as is shown by the 14 determinations under that heading in the 
table. Berries maintained in the ice box for 24 hours and then tested 
as soon as they were removed and after they had been warmed to 
room temperature gave results comparable to those obtaimed when 
freshly picked berries were tested and then cooled for a few hours 
and tested again; that is, the pressure required to puncture the cold 
fruit was greater than that required for the warm fruit. 

The results with black and red raspberries, shown in sections B 
and C of Table I, were very similar to those obtained with straw- 
berries. With black raspberries an average of 1.2 grams more pres- 
sure was required, with a 121-micron needle, to puncture the cold 
berries than those at room temperature. Only one variety of black 
raspberries was tested. Two varieties of red raspberries were used, 
the Ranere (St. Regis) and an undetermined variety. The pressure 
necessary to puncture the freshly picked Ranere berries was 1.55 
grams less than that required for the same lot of fruit cooled in the 
ice box. A 313-micron needle was used with this fruit. With the 
undetermined variety the difference was 1.73 grams, or practically 
the same as for the Ranere. Similar differences in the pressure 
required for puncturing these berries were observed in berries of the 
same lots cooled in the ice box for 24 hours and tested immediately 
on removal and after warming to room temperature. It was notice- 
able, however, that the pressures required.to puncture the epidermis 
after the 24-hour period in the ice box were not so high as with the 
freshly picked fruit. It is possible that the storing of this fruit tends 
to make the epidermis tender and more easily ruptured. 

Experiments were carried out with four varieties of blackberries, 
the Erie, Lawton, Wachusett, and one undetermined variety. The 
results of the determinations were very similar to those obtained in 

the work with the other berries. The average increase in pressure 
necessary to puncture the freshly picked cooled fruit over that required 
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for the same lots at room temperature ranged from 0.76 to 2.11 
grams with a 60-micron needle. Similar differences in the pressure — 
required to puncture the warm and cold fruits were obtained when 
the fruit was allowed to remain in the ice box 24 hours. Washing 
the berries in tap water did not appreciably affect their resistance to 
puncture one way or the other. This may be due to the fact that the 
berries were tested immediately on removal from the water, which 
would preclude any appreciable cooling effect from evaporation. 

The results with Montmorency cherries were practically the same 
as those with berries. Cooling the fruit increased its resistance to 
puncture. 

From these results it is evident that the fruits used in the work are 
much less easily punctured when cool than when warm. It seems 
probable that this increase in the resistance of the skin to mechanical 
injury is an important factor in the results obtamed by Ramsey, 
Stevens and Wilcox, and Ridley in their work on the prompt cooling 
and refrigeration of berries. It would seem also that the picking of 
berries in the early morning when they are cool, as is quite commonly 
practiced in some regions, would be decidedly advantageous, in spite 
of the fact that at that time the berries are frequently wet with dew, as 
no evidence was obtained that moist berries were more susceptible 
to injury than dry fruits. 

No attempt was made to determine the reason for this increase in 
resistance to puncture due to cooling, A possible explanation of 
this phenomenon, which occurred to the writers, was that the surface 
of the fruit might be covered with a wax which softened at the higher 
temperatures but became harder and more resistant when cooled. 
Another purely mechanical explanation is that the walls of the 
drupelets or of the external cells of the fruits have a lower coefficient 
of expansion than their contents. If this were the case, at higher 
temperatures the walls would be under greater strain and would, 
therefore, puncture more easily. This point deserves further inves- 
tigation. 

Tn conclusion, it has been shown in this work with strawberries, 
blackberries, black and red raspberries, and cherries that cooling the 
fruit renders the epidermis more resistant to mechanical injury. 
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SPILLWAYS. 

In its ordinary use the spillway is a device for removing surplus 
water from a reservoir or canal, in order that the water level within 
the reservoir or canal may not rise above the point considered safe or 
fixed upon as the maximum allowable height. It is distinguished 
from other types of wasteways by the fact that the surplus water 
passes over a crest or “spills” instead of passing through openings in 
the dam or canal bank. 

The conditions necessitating spillways are many and they vary as 
to the requirement for capacity, the degree of safety factor demanded, 
by the extent or importance of the structure they protect, the location 
of the spillway with relation to that of the dam or canal embankment, 
and the functions they must perform in maintaining a more or less 
perfect control of the reservoir or canal in times of maximum inflow 
when a predetermined flowage line or freeboard must not be exceeded. 

This necessitates the provision for passing the highest floods over the 
spillway within the safe limit of maximum rise, and the conveyance 
of this water away without injury to the dam or canal embankments 
or to their appurtenant structures. | 

If a reservoir is to be located in a stream channel where the extent 
of inflow is not under human control, the spillway must provide for 
the passage of both normal and flood flow when the reservoir is full 

149907°—20 1 
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and must protect the dam or embankment from being topped if it has 
not sufficient structural resistance to withstand the resultant shock, 
pressure, and vibration imposed upon it by overflow of considerable 
depth. In the case of earth dams or embankments it is necessary to 
provide a means for conveying the falling water away from the point 
where the embankment strikes the surface below it. 
An elaborate method resorted to in accomplishing this purpose is 

shown in figures 1 and 2, Plate I, illustrating a system of drops and 
a stilling pool at the foot of the Lahontan Dam in Nevada. In any 
case it 1s necessary to provide a means of neutralizing the energy de- 
veloped in the fall of the water over the dam at the point where it 
strikes the stream below so as not to endanger the structure by under- 
mining it. 
When the reservoir is not in the stream channel the conditions 

under which the spillway is to operate are greatly simplified in that 
the flow of the water is generally regulated either by diversion of all 
or part of the stream flow into a channel and thence to the place of 
application or storage (see fig. 1, Pl. IL); or it may be supplied 
by long conduits always controlled by some system of headworks. 
Under such conditions, when it is necessary to provide spillways, they 
are designed to pass such excess of water as may reach the reservoir 
by the failure of the inlet works to function properly, the accumu- 
lation of surface water due to superdrainage, or a combination of 
the two. 4 

Examples of spillways where there is regulated flow into the reser- 
voir are numerous, and figures 1 and 2, Plate III, show a provision 
for an earthen dam in Mockingbird Canyon near Riverside, Calif., 
and the East Park Reservoir Dam of the Orland Project, near Or- 
land, Calif., where there is a separate spillway and, in addition, a 
diversion dam and inflow control. The Roosevelt Dam shown in 
figure 2, Plate II, is an example of the type where the spillway is 
provided either in a center section or at the end, and provision made 
for the impact of the falling water where it strikes the stream below. 
The Holter Dam of the Montana Power Co., near Helena, Mont., a 

cross-section of which is shown in figure 4, is an example of an 
“ogee” type of dam provided with baffles and a water cushion to 
dissipate the energy developed in the overpour. 

With relation to spillways in connection with canals, the same gen- 
eral characteristics prevail and their discussion may be taken up 
along the same lines though more properly following the cases where 
the inflow is regulated. -In discussion of canals, spillways and escapes 
are generally included in the same class of structures, called waste- 
ways, and although they are both used as protective agencies in the 
canal system, they differ somewhat in their functions. They properly 
should be divided into two classes in that an overflow spillway is 
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_ used to discharge the waters from a canal when it becomes filled be- 
yond its normal capacity. When thus used the structure is essentially 
automatic in action and serves as a safety valve to prevent the canal 
from being overloaded and consequently overflowing its banks with 
disastrous results. 

The escape can be either a spillway, a wasteway, or a sluice gate, the 
last named differing from the spillway of the overflow type in that it 
can be used for partially or completely emptying a canal. It is 
seldom automatic in action and requires some means of rapid opera- 
tion, since it is usually required to operate immediately in case of a 
break in the canal banks below it. Only local conditions can suggest 
the advisability of locating one of these structures on a canal system 
or determine whether or not it is necessary, but the protection it 
affords the canal and its appurtenant structures usually warrants the 
cost. The number and distance apart at which wasteways should be 
located are dependent upon the importance of the canal, the topog- 
raphy of the ground above and below the canal, and the character of 
the service the structure itself is to perform. 
A spillway acts automatically and operates to prevent a rise in the 

canal level beyond a safe freeboard. This rise may be the result of 
an excess of water coming from the headgates, surface run-off from 
lands higher than the canal, an excess flow produced by the closure of 
lateral gates above the structure, or by an obstruction falling into the 
canal, or the closing of an outlet or checkgate below the escape. A 
spillway must be designed to take care of the most adverse conditions 
resulting from these causes and in its design there must be considered 
the maximum quantity of water the structure will be required to 
discharge and the maximum rise above normal water surface which 
the canal will stand. These factors are often assumed and are rarely 
absolutely reliable. 
The escape or spillway may include a checkgate as a part of the 

structure, in which case it must not only be capable of undertaking 
the duties of an overflow spillway, but those of an escape as well 
where the full capacity of the canal must be discharged. Ordinarily, 
however, the principal function of an overflow spillway is to dis- 
charge the surplus water above the desired normal canal capacity, 
whereas an escape is intended to spill.the entire flow of the canal if 
necessary. An escape, on the other hand, embodies both types, but is 
intended for the protection of the system below it and to divert the 
entire flow of the canal to some natural drainage channel in case of a 
break or other emergency. It also may be used as a scouring or 
sluice gate, ridding the canal of deposited silt. The functions of the 
three may be obtained by building the structure in combination with 
a check immediately attached or a short distance below the spillway. 
escape, or sluiceway, as the case may be. Provision must be made to 
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discharge any excess over the safe capacity of the canal in countries 
where heavy rainfall occurs periodically, or where melting snow may 
affect surface run-off from the higher lands draining into the canal 
during the operating season. It may be desirable to collect part or 
all of such drainage and carry it as additional storage. Escape 
structures should also be provided with means for taking care of any 
surplus water in the canal produced by regulation of the flow in one 
part of the canal system without having provided for changes in all 
other parts of it. Their location will be desirable above points of 
questionable strength, above stretches of canal located on steep side- 
hill where slides are apt.to occur, Just above the intake of any impor- 
tant structure where there is any danger of erosion around its intake, 
or above any structure whose direct loss would not be material com- 
pared to the resulting damage to valuable property either connected 
with or foreign to the canal system. Capacity should be computed 
from the possibilities of combined flows resulting from conditions apt 
to develop above the structure. 

The overflow spillway, wasteway, and sluiceway are similar in the 
common characteristic of requiring the addition of a wasteway 
channel to divert the waste water to a point away from ule eee) 
of the canal. A 
There are two general types of spillways, ov ous alee 

and siphon Spillean s. The distinguishing features of the two types 
are that the capacity of the overflow spillway depends upon the 
length of the crest and the height of the water above the crest, and is 
increased in no way by the distance through which the water falls 
below the crest; while the capacity of the siphon spillway depends 
upon the area of the cross-section at the smallest part of the siphon 
and the difference in elevation of the water surface at the intake and 
outlet ends. In other words, the siphon utilizes the fall from the 
water surface in the reservoir or canal to the discharge end of the 
siphon to increase capacity, while the overflow spillway makes no use 
of most of this fall. The two types of spillways are discussed in 
detail, as follows: 

OVERFLOW SPILLWAYS. 

Overflow spillways are of three general types, the “ogee,” the 
“steps,” and the simple inclined type. Some dams combine the first 
two of these types by utilizing the top part as an ogee and having 
the lower portion stepped to break the velocity of the falling water. 

Flow over a spillway is produced by the velocity resulting from 
the head measured from its crest to the surface of the water in the 
pond above. It depends entirely upon the stored head to increase 
volume per unit length, and, regardless of the height of the crest 
above the pool into which the water is spilled, no part of the fall 
below the crest level is effective either directly or indirectly. In 
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Fic. I.—SPILLWAY OF LAHONTAN DAm, NEVADA. 

Looking upstream and across stilling basin which receives the combined waters of the converging 
spillways. 

FIG. 2.—LAHONTAN RESERVOIR SPILLWAY, NEVADA. 

Looking upstream and across the upper end of right-hand spillway. Shows training walls 
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FiGc. |.—HEADWORKS, EAST PARK SUPPLY CANAL, ORLAND PROJECT, CALIFORNIA. 

Shows diversion of part of waters of Big Shane. hi into East Park Reservoir. Note gate control 
of supply. 

Fic. 2.—ROOSEVELT DAM, ARIZONA. 

The two overflow spillways are shown at each end of the dam. Water for irrigation is discharged 
through the (ane shown on the left and through the turbines of the power plant shown in right 
center, 
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Fic. 1.—SPILLWAY OF EARTH DAM, MOCKING- 
BIRD RESERVOIR, GAGE CANAL Co., NEAR 
RIVERSIDE, CALIF. 

Spillway crest is left edge of channel shown in cut. 

FiG. 2.—EaAsT PARK DAM, ORLAND PROJECT, CALIFORNIA. 
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Fic. |.—DIVERSION DAM, WASHINGTON POWER Co., NEAR SPOKANE, WASH. 

Built at the Little Falls plantin the form of an “‘L”’ to gain crest length 

Fic. 2.—ARCHED TYPE SPILLWAY DAM, PISHKUN RESERVOIR, MONTANA. 

Airintake tower shown in center of picture built to eliminate vibration due to vacuum, 
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other words, if a dam were 30 feet higher than the surface of the 
tail water at its base, and there were 5 feet of water pouring over 

its crest, of the 35 feet available head only 5 feet, or about 14 per 
cent, would be utilized to produce velocity. Since the two principal 
factors determining capacity are length of crest and head and the 
allowable increase in head is small, the only available means for 
increasing discharge is by increasing the length. One of these 
factors directly governs the other and only by knowing one of them 
definitely can the other be determined; or if the discharge of the 
stream is known and the head allowable as a depth of overflow is 
definitely fixed, the length of spillway to provide a specified dis- 
charge can be computed from the standard wier formulas by select- 
ing the proper coefficient for the form of weir crest under considera- 
tion. These formulas and their corresponding coefficients are very 

indefinite because of the fact that they have never been proven to be 
accurate for heads of more than 4 or 5 feet over the crest of the 
welr. 

= Furthermore, in determining the poured capacity of the spill- 
way, a careful study must be made of the record or data relating 
to the precipitation or run-off of the catchment basin it is deed 
to serve and a liberal factor of safety added to the results of the 
computations to insure security in case of discharge greatly in 
excess of any known flood record, and in spite of the retentive 
capacity of the reservoir. 
Long crests discharging thin sheets of water will give greater 

factors of safety than short spillways with greater depths, will 
afford less liability to fracture or do other damage to the dam as a 
result of the impact of the heavier volume of water, and will insure 
closer regulation of the pond level. 

In the common formulas applied to determine spillway capacity, 
there are different elements to be considered in their application 
to the case under consideration, such as height of crest above the 
bed of the reservoir or canal upstream from the crest, length and 
width of crest, velocity of approach, correct determination of the 
head on the crest, and the number of end contractions, if any. All 
these influence the efficiency of the structure as a whole. 

Possibly the formula most used in the United States is the Francis 

formula expressed in its simplest fori as Q=CLH2, and which is 
modified by the introduction of the elements referred to above where- 
ever they apply. For instance, with velocity of approach this for- 
mula would be changed to read 

Q=CL[(H +h)?—h?] 
and if it oncitiers velocity of appreach and end contractions it must 
still be modified to read 

aS C(L—0.2H) [(H +h) ?—hel. 
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The Bazin formula is more complicated and may be expressed as, 
98 

Q— (0.405 4°.) =) (1 +0555 io Hy LE 2eE. 

The constant C is dependent not only upon the width of the 
crest, but also upon its shape. The data resulting from the experi- 
ments to determine this factor are not consistent even for the same 
form of weir crest, but vary according to the head. They do, however, 
form a basis for the approximation of discharge over any form of weir 
under conditions ordinarily encountered. 

As has been stated, the experimental data from which discharges 
are to be computed include heads of only from 4 to 6 feet, whereas 
flow over spillways varies from 0 to 14 feet deep. The effect of 
form of crest and friction decreases as the head increases, and it 
is also probably true that the coefficient for many ordinary forms of 
weir sections would tend toward a common constant value if the 
heads were indefinitely increased. This would be due to the more 
definite form of the “nappe” resulting. It is assumed also that 
flow over the spillway may be affected by the form of the nappe, 
which in turn varies when it discharges freely, merely touching the 
upstream crest edge, adheres to the downstream face of the crest, 
adheres to the top of the crest, adheres to both top and downstream 
face, remains detached but becomes wetted underneath, adheres to 
top, but remains detached from face and becomes wetted underneath ; 

or it may be replaced by a depressed nappe having air imprisoned 
underneath at less than atmospheric pressure. A method of eliminat- 
ing the effects of the last condition is shown in figure 2, Plate IV. 
Experiments have been conducted to determine the influence of the 
various conditions, and its extent, under heads of from 0 to 5 feet 
and over different forms of model dams, with crests ranging from a 
sharp edge to a width of 16 feet. Tables have been published giving 
the results of these experiments and coefficients for almost any form 
of weir crest to be applied for discharge computations of spillways 
under the various conditions.! 

So much depends upon the judgment of the person making the 
assumptions, which in turn become fixed factors in the computations, 
that there very often appears the greatest difference in the resulting 
dimensions. The writer has had a case called to his attention where 
three engineers computing the dimensions of a dam as a suitable 
design for a certain location, and starting with the same assumed 
discharge, varied as much as 14 per cent in the discharge for a given 
crest length and head in a maximum discharge of approximately 
100,000 second feet. 

1 The information concerning these tables and the discussion relative to weir discharge 

are based on the writer’s personal opinion, resulting from a review of U. S. Geol. Survey 

Bul. 200, ‘‘ Weir Experiments, Coefficients, and Formulas,” by Robert E. Horton. 
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This is not surprising when it is seen that only one of the factors 
entering into the formulas cited is fixed by the form of the structure. 
Tt has been stated that in the process of gaging streams at dams the 
head is usually measured in comparatively still water in an open pond, 
but this is an assumption at best and must be corrected to conform to 
an assumed velocity of approach. In this connection it may be well 
to mention that the more complicated Bazin formula quoted in an- 
other part of this paper includes the correction for velocity of ap- 
proach in the weir coefficient, and therefore the coefficient for a given 
weir is comparable only with the coefficient of another weir under the 
same head when the velocity of approach is the same in both cases. 
The Bazin formula also expresses the velocity of approach by means 
of the depth and breadth of the leading channel, which is rarely if 
ever of regular form so that the use of such an unreliable base is 
questionable. It is not the intention to discuss in this paper the 
relative values of the different formulas with their corresponding 
exponents and coefficients to apply in the various cases, but it is at- 
tempted to point out the great number of factors to be considered in 
the design of a spillway to keep the pond level within limiting bounds 
and at the same time perform its duty as a safety valve in times of 
excessive stream discharge. The uncertainty arising from the use of 
these formulas and the assumption of the maximum quantity of 
water to be discharged emphasize the need of using a liberal factor of 
safety in the protection of that part of the structure to be guarded. 
At best the result is merely an approximation. 

Overflow spillways seldom are fully satisfactory on a canal system, 
- since their crests are ordinarily built parallel to the center line of the 
canal, and to produce the effect of a normal canal supply the depth 
of water in the spillway over the lip would have to range from the 
maximum depth above normal surface in the canal at the upper end 
of the spillway to no depth at all at the lower end. Otherwise the 
canal would still be above normal supply beyond and below the 
spillway, and to produce full efficiency the crest of the spillway 
would have to be abnormally long. The writer has observed that 
the depth on the crest of most canal spillways is practically the 
same at both ends unless a long crest is built, which adds greatly to 
the cost. The use of an abnormally long spillway on a canal to dis- 
charge the water in excess of the normai supply, or above important 
structures where overflow would be particularly serious, requires the 
addition of costly and extensive training works and channels to di- 
vert and convey the wasted water to some natural drainage channel. 
Economy has been approached in some cases by the construction of 
the upper portion of these conveying channels parallel to the center 
line of the canal or spillway, or by building the spillways in a den- 
tated form to gain crest length and at the same time reduce the area 
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One of these methods is of the wasteway ch annel at its upper end. 
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A spillway of reinforced concrete with a concentrated crest length 
designed to divert 600 second-feet of water from the Keno Canal of 
the Klamath project of the United States Reclamation Service has 
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been built at Klamath Falls, Oreg. (fig. 1). The water spilled is 
diverted to the Link River after it has been used to generate power. 
The fall from the canal to the river is 48 feet in a distance of about 
170 feet. The canal would not permit of a rise greater than 1 foot 
above flow line, because it was built along a steep side hill and it was 
impractical to construct the banks of sufficient height to allow of any 
considerable rise. The conditions required a structure capable of 
spilling the waste water resulting from the proper regulation of a 
power plant above the structure without at the same time causing an 
excessive rise in the canal flow line. The sudden closing down of the 
entire plant presented an emergency in which the entire flow had to 
be taken care of quickly without exceeding the limiting rise and fall 
of flow line. An overfiow spillway crest to satisfy such demands 
with its safe coefficient of discharge was calculated to be about 200 

feet long, and to utilize as small a horizontal distance as possible was 
concentrated by indentations to a length of 61 feet as measured in a 
straight line along the canal bank. 

The principal reason for concentrating the over-all length of the 
spillway was to provide a wasteway channel through which the 
water would be conducted over the earthen slope to the river after ~ 
flowing over the crest. <A section 3 by 8 feet with the slope of the 
eround at the point was capable of taking care of the discharge after 
it had been collected, but the concentration of crest length was to © 
reduce, as far as possible, the dimensions of the upper portion of the 
collecting channel and therefore the cost.1_ The structure only re- 
sulted in this saving, as the same length of spillway had to be pro- 
vided with consequent cost of construction. It is another example 
of the adaptability of the siphon spillway in cases where space and 
close regulation are paramount. 

SPILLWAY CONTROL. 

It may be desirable normally to carry the water near the maximum 
allowable level rather than sufficiently below that to provide for 
emergency flow. This is provided for by placing the permanent - 
crest of the spillway sufficiently low to pass the maximum flow, 
and placing on top of this temporary or movable parts which will 
go out automatically or can be removed or adjusted in case of flood 
so as not to interfere with floating débris. The immediate removal 
of these barriers is of particular importance, because having provided 
an ample spillway it should be kept free of any obstruction and at 
all times ready for any sudden demands made upon it, regardless of 
other agencies which may be provided as additional facilities in 
effecting discharge. Inadequate satisfaction of these conditions has 
led to a great number of wrecked structures resulting in the loss of 

1 Description from an article in Engineering News, Sept. 9, 1909. 
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life and property. Sometimes legal requirements fix the flow line 
or it may be desirable to maintain a constant head in the reservoir. 
Long crests to keep the rise of the pond level within a minimum 
limit have been built and where the site did not permit of a straight- 
line crest, modification of the form has been made as in the case of 
the East Park reservoir of the Orland project, where crest length 
was gained by forming it in a series of nine semicircular arches 
resting against piers 8 feet wide. The arches have a radius of 13.5 
feet and the whole structure is curved to a radius of 474 feet, the total 
length of spillway crest being 460 feet. It was designed to care for 
a discharge of 10,000 second-feet with a depth of 3.7 feet of water 

Q=/0,000F Sec tt 

SECTION AA. 

GUIDE WALL SIDE LINING 

Fic. 2.—Plan and cross section of East Park reservoir spillway, Orland project, Cali- 

fornia. Form of dentated type of spillway composed of a series of nine piers, each §& 

feet wide. 

flowing over the crest. The spillway is located in a saddle about one 
mile from the dam and its outline is shown in figure 1, Plate VI, and 
in text-figure 2. 

The Little Falls dam of the Washington Power Co., near Spokane, 
where the crest was built in the form of the letter “LL” is shown in 
figure 1, Plate IV. The accomplishment of the above results, how- 
ever, will add greatly to the cost of the structure if the longer crest 
has to be provided by the lengthening of the dam. 
When acceleration is due to a shorter crest length and a resulting 

increase in the head to effect discharge, the devices serving to pro- 
duce a regulated pond level must be under direct control. The 
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addition of such devices invariably serves the primary purpose of 
the spillway in facilitating the escape of the increased inflow, but 
lacks the automatic character which must be the distinctive feature 
of the true spillway. These agencies may be (1) flashboards in 
their various forms; (2) sliding gates or sluiceways; (3) Taintor or 
radial gates; (4) tilting or counterweighted gates; and (5) rolling 
dams or barriers. These are discussed in the order listed. 

FLASHBOARDS. 

Flashboards are the simplest but most unsatisfactory device. They 
permit of fairly close regulation of head due to the possibility of 
setting them to any desired width. The boards may be placed be- 
tween stationary piers or may be held in place by tilting arms or 
braces set in line on the crest of the spillway so that they may not 
retard flow during flood, but will afford a certain pondage to pro- 
vide surplus water from the time of minimum to that of maximum 
demand. This is shown in figure 1, Plate VII. 

Another method is to have holes in the crest of the dam or spill- 
way into which iron pins of a certain size and predetermined fiber 
stress per unit area are set and the boards fastened to these pins by 
staples. (Fig. 2, Plate VII.) The pins are calculated to resist 
pressure of the flashboards set against them up to a certain point, 
and when they bend the boards are released and go down the stream. 

Such practice is not economical and is uncertain, due to the great 
variation in the strength of the iron pins. Where the storage of 
flood water is essential or desirable and the stored water is very 
valuable, this use of flashboards is not recommended, because they 
are generally leaky, and when they have gone out they can not be 
replaced until the freshet or flood has passed, making it impossible 
to store any of the flood water. 

Flashboards are also installed as a permanent part of the spill- 
way and are lowered automatically at different stages of water level, 
as are other devices hereafter discussed. The use of flashboards 
under any plan in which they must be removed one at a time is 
dangerous, because of the length of time it takes to remove them, 
since sudden floods might result in damage to the works before the 
boards can be removed. 

SLIDING GATES. 

Sliding gates are not adapted to use as emergency escapes for flood 
water, since they are not automatic in action, although ordinarily they 
are provided with mechanical means for quick operation. Ordinary 
slide gates are the slowest of all the types of gates to operate and 
are not suitable because of the destructive effects of vibration due to 
high velocity, and are extremely costly when placed in a structure on 
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a large scale to quickly discharge large volumes of water. The cost 
of installation and operation is a large factor in discouraging their 
use. They are useful as a means of entirely emptying a reservoir in 
case of accident or to scour out silt when they are placed low for 
these purposes, and they should be provided only as an additional 
safeguard and not when the passage of flood water in excess of the 
safe flow is required. Examples of outlet gates and the elaborate 
towers necessary for their installation: are Seas in figures 1, 2, and 3, 
Plate VITI.. 

TAINTOR OR RADIAL GATES. 

Taintor or radial gates are usually set between piers as buttresses 
and on the crest of a spillway to provide additional storage. They 
can be operated with the expenditure of less power and time than the 
other types of gates. They have cylindrical surfaces and are so 
connected as to revolve on an axle usually connected to the curved 
face by means of arms or braces, the axle being set parallel to the 
center line of the crest on which the gate is mounted. 
Two examples of radial gates are shown in figures 1 and 2, Plate LX. 

The curved or cylindrical surface may be of wood, steel, or reinforced 
concrete. Where radial gates are mounted to pass drift over the crest 
of the spillway in large openings and there is danger of the axle 
catching débris and clogging the passage, the long axle is eliminated 
and in its place bearing tubes are placed in the sides of the piers, and 
into these pins are set to form pivots or hinges. The radial arms of 
the gates are connected to these pins, so that the only forces to be 
overcome to lift them are the weight of the gates and the friction on 
the pins or pivots and on the faces of the buttresses or piers, because 
the pressure has been, of course, transmitted to a single point instead 
of being distributed over an extended bearing face, as in the case of 
the ordinary sliding gate. 

The main objection to the use of the radial gate is that it lacks 
automatic control, unless its specifications of installation more prop- 

erly conform to the class following, and the fact that it is seldom 
watertight where it comes in contact with the crest of ue spillway 
or the sides of the opening. 

TILTING OR COUNTERWEIGHTED GATES. 

Tilting or counterweighted gates are among the number of in- 
genious types of automatic gates which have been designed and in- 
stalled on spillway structures in this country and in Europe -where 
it is necessary or desirable to maintain a relatively constant head 
under fluctuations, floods, or changeable use of water. Three types 
of these are shown in figures 1 and 2, Plate X%, and in text-figure 3. 

They are usually patented, vary in form of construction and in 
method of operation, and are satisfactory only to’a certain extent. 
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Fic. 1.—SAFETY WASTEWAY—LOWER YELLOWSTONE PROJECT, MONTANA. 

Shows long overflow spillway on canal with upper end of wasteway channel parallel to center line of 
canal and crest of spillway. 

FIG. 2.—SPILLWAY WITH CONCENTRATED CREST LENGTH, KLAMATH PROJECT, 
OREGON. 

This cut shows the details of the structure, and it also shows the high-water line on the upper bank 
of the canal. 
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They are installed as regulatory devices on numerous canal systems, 

where they work perfectly, because in such capacity they are kept in 

working condition by more or less frequent use of the operating 

parts. On spillway crests, where they have a limiting range of possi- 

bilities and their operation is less frequent, tending to make them 

less sensitive to the reaction of theoretically determined pressures, 

they are not as serviceable, unless the mechanical equipment necessary 

to operate them is more complicated and correspondingly costly. 

The moving parts must be maintained in the same perfect condition 
as that upon which their design was based if they are to function as 
they are intended, and such ideal conditions are rarely approached 
in actual spillway operation. Most types depend upon some system 
of counterweights to effect adjustment after they have been tilted 
by the action of the water pressure beyond a certain point. Or they 
may be so arranged that the water pressure on the gate or flashboard 
will cause them to react upon a cylindrical weight in such a manner 
as to make it ascend an incline by means of energy transmitted to 
the ends of the cylinder through ropes or cables; or others are ar- 

ranged so that the tilting of the gate transmits power to the shaft 
from which counterweights are hung, such transmission being 
through chains or cables. Various methods are provided by which 
the introduction of cams or eccentric gearing may result in the com- 
pensation of the accelerated movement which might cause the slam- 
ming down of the gates or their too rapid rise. 
An automatic form of spillway or floodgate has been installed on 

the Cedar River, near Nashua, Iowa. The design is one of the many 
patented types, but seems to be of simple operation. Figure 3 in 
section shows an outline of the structure, which is mounted on the top 
of a masonry dam 17 feet high and used for the generation of electric 
power. Each panel of the gate is 46 feet long and is so set that it 
will store 7 feet of water above the crest of the dam. To one end 
of a walking beam there is attached a reinforced concrete counter- 
weight and a bar connects the other end with the floodgates. The 
gate is hinged at the bottom so that when the water rises above a 
predetermined elevation the gate is forced down and the counter- 
weight is raised. As the height of water increases the pressure still 
further lowers the gate. When the gate opens the leverage between 
the counterweight and fulcrum increases, while it decreases between 
the fulcrum and gate hinges, and in this way overcomes the increased 
weight of water at every stage of gate opening.! 

ROLLING DAMS OR BARRIERS. 

Rolling dams or barriers have had their term of popularity and a 
number of them were installed on dams in this country. Possibly 

1 Description from Hngineering News-Record, Aug. 9, 1917. 
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more of these have been installed on. the more recently constructed 
spillway regulators than any of the other devices. Their popularity 
is based on the possibility of using them where long span is essential. 
The rolling dam is a patented type and consists of a large hollow 
cylinder, the diameter of which is usually made to correspond to the 
height to which it is desired to raise the pond level above the crest 
upon which the cylinder rests. Its length is made equal to the width 
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Fic. 3.—Concrete dam 17 feet high with flood gates, Nashua, Iowa. This structure on 

the Cedar River is equipped with automatic flood gaies 7 feet high by 46 feet long. 

of the opening into which it is fitted. As a general thing the materia! 
of which it is made is boiler plate riveted together and braced to 
withstand the strain to which the dam is to be subjected. The me- 
chanical operation is provided for by having a gear engage a rack 
on an inclined abutment and by means of a sprocket chain wrapped 
around one end of the cylinder and connecting with the operating 
mechanism, the dam is rolled up or down the abutment as desired. 
The power is generally furnished by an electric motor or by winches. 
Various forms have been installed at Grand Junction, Colo., on one 
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of the spillways of the United States Reclamation Service at Boise, 
Tdaho, and on numerous other spillway crests in this country and in 
Kurope. 
On the Grand River, near Grand Junction, Colo., the spillway of 

the United States Reclamation Service is provided with seven such 
rollers, six of which are 70 feet long and 10.5 feet high, and one 60 
feet long and 15.33 feet high. They are set on the crest of a concrete 
spillway of the ogee type, 24 feet high and 537 feet long as measured 
between abutments, the spillway being designed to care for a dis- 
charge of 50,000 second-feet. 

(ee 

rac 
[|_| 3568.0 

30R i eee Se SOEs, = 
3548.0 a x 
NS 

220) 

29.0’ —>x-—-——. 49,0. —-—- 17.0" 

3446.0 

i | Al 8 I + {378 
fee 20-4 30.0 art as 100! ——— 

Irie. 4.—Holter dam of the Montana Power Co. Cross section of spillway of development 

near Helena, Mont. Shows baffles at toe of dam to neutralize the energy developed by 

the water pouring over the crest. 

All these devices, as stated, are for spillway control and add 
nothing to its capacity or to its value as an automatic structure other 
than to lower the crest in times of flood and permit of raising the 
water level in normal times. 

SIPHGN SPILLWAYS. 

As long ago as 1870 siphon spillways were used in Europe, but 
their operation required an ejector to cause them to function prop- 
erly. Later designs making them as nearly automatic as construc- 
tion conditions permitted were perfected and installed at about the 
same time by Heyn in Prussia, and Gregotti in Italy. 

1 Engineering News, Apr. 20, 1911. 
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These were of comparatively small dimensions, however, and of a 
rather low degree of efliciency—estimated at from 40 to 50 per cent. 
A higher state of development was later obtained in France, where 
reinforced concrete was used and more efficient functioning effected by 
proper proportioning of the essential parts of the structure. Fear 
of the possibility of freezing weather interfering with the operation 
of the siphon spillways is said to be the principal reason why Ameri- 
can engineers failed to adopt this type of structure, but a modifica- 
tion of the design led to the overcoming of this difficulty and to their 
rapid adoption at a number of points throughout the United States. 
The lowering of the intake leg well below the normal water surface, 
and the draining of the outlet sealing basin to prevent the possibility 
of clogging at that point, did away with the ice menace and also 
prevented the possibility of débris collecting or lodging in the throat. 

There should be little argument against the use of the siphon spill- 
way on canals or in connection with reservoirs where absolutely auto- 
matic control without the maintenance of mechanically operated de- 
vices is desired, and where there must be close regulation of the rise 
and fall of the water surface. Economy of cost, space, and rapidity 
of control greatly argue in favor of such structures, especially where 
laws require close regulation of the pond level, as in Italy where 8 
inches is the limiting range. It is also most efficient where immedi- 
ate response to sudden rises in water level is essential, because of the 
fact that it is brought into action to its full capacity with the rise of 
only a few inches, whereas the overfall spillway is not fully effective 
until the danger point is reached and then is dependent upon the 
stored head for acceleration of velocity. 

The use in this country of siphons as spillways is much more re- 
cent than it is in Europe, some of the earliest examples being con- 
structed in 1910 on’ the New York State barge canal.t Since then 
they have been used on the fore bay of a hydroelectric plant of the 
Tennessee Power Co. and on the power canal of the Mount Whitney 
Power & Electric Co. in California. They have been used still more 

recently on several projects of the United States Reclamation Service 
and on a number of irrigation and power projects in California, 
the notable cases being the Orland, Salt River, Yuma, and Sun 
River projects of the Reclamation Service; the South San Joaquin 
Irrigation District; the Sweetwater Dam near San Diego; and the 
Southern California Edison Co. at Huntington Lake, Calif. 

As has been shown, the head utilized to produce flow in an over- 
flow spillway is figured from the surface of the water above the spill- 
way to its crest, although the actual head available, but which is not 
utilized, is much larger, being the total head from water surface © 

1Hngineering Record, July 30, 1910, and Oct. 8, 1910. Eng. News, Nov. 17, 1910. 
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Fic. 1.—SOUTH OVERFLOW SPILLWAY, SWEETWATER DAM, CALIFORNIA. 

Showing inclined braces along top of spillway crest to support flashboards. 

FIG. 2.—SPILLWAY OF DIVERSION DAM NEAR WOODLAND, CALIF. 

Showing holes along center line of crest to receive flashboard pins. 
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Fia. I.—GATE TOWER, MAMMOTH Fig. 2.—OUTLET GATES AND TOWER, 
RESERVOIR, UTAH. LAHONTAN RESERVOIR, NEVADA. 

This dam was washed out in the spring of 
1917 because of inadequate spillway. 

Fic. 3.—SAN FERNANDO RESERVOIR, LOS ANGELES SUPPLY. 

Outlet towers shown at right center and at right end of dam. 
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Fic. |—RADIAL GATES USED AS CONTROLLING DEVICE ON SPILLWAY CREST. 

FIG. 2.—RADIAL GATES ON SPILLWAY OF POWER DAM. 

Showing gates and wasteway of the Northwestern Power Co., Port Angeles, Wash. 
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‘ Fic. §{.—AUTOMATIC REGULATING GATE ON IRRIGATION CANAL. 

Turlock Irrigation District, California. 

Fig. 2.—AUTOMATIC GATE ON DISTRIBUTING SYSTEM. 

South San Joaquin Irrigation District, California. 
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Fic. |.—AUTOMATICALLY OPERATED GATE WITH SIPHON SPILLWAY ON EACH END. 

Located on main distributing canal, South San Joaquin Irrigation District, near Ripon, Calif. 

Fig. 2.—CHECK GATES AND INTAKE OF SIPHON SPILLWAY, ORLAND PROJECT, 
CALIFORNIA. 

Intake lip of siphon is submerged and only air inlet shows at left of picture. Note close control 
of water level indicated by water line on structures. 
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above to water surface below the dam. Flow through a siphon is 
produced by the difference in the elevation of the water surface at 
the inlet of the siphon and the elevation of the water surface at the 

++ Air suction pipe 

et kes 
aa o" 12"> “Priming siphon outlet pipe : 

; =“ of 14” virritied pipe incased in concrete. 

SECTION A-A 

SECTION B-B 

PLAN or SIPHON 

SECTION F-F 

Fie. 5.—Cross-section and section plan of siphon spillway. South San Joaquin irriga- 
tion district, Ripon, Calif. 

outlet end; or in case the latter is not submerged to seal the siphon, 
and the water has a free discharge, it is measured to the center of 
the outlet opening. In such cases the flow is treated as if it were 
through a short tube with various forms of inlet, and further limited 

| 149907°—20—2 
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by a well-defined range of velocities at the throat which can not 
exceed that resulting from a complete vacuum. The tendency of de- 
sign has been in most cases to assume that heads in excess of 34 feet 
were not adaptable to siphon installation, because it was accepted 
that the limit of vacuum draft had been reached at that point. Asa 
matter of fact, siphons have been built with heads beyond 34 feet 
and in specific cases from 36 to 52 feet, but always, of course, with a 
resulting decrease in the coefficient of discharge due to added fric- 
tional resistance. It is generally accepted from a study of numerous 
designs that two forms of siphon tubes may be considered. The 
first of these will be treated as having throat and outlet of equal 
cross section, but not necessarily of uniform shape. Such a design 
has rarely been used in this country, but is rather common in Europe 
and is more or less followed in the development of the Ocoee River 
installation in Tennessee.* 

The second type has a contracted throat section, expanding with a 
divergent tube as the outlet and further modified to overcome local 
losses of head, or contributing defects. There are numerous exam- 
ples of the latter type, and their installation has been generally 
adopted in the United States and in Europe, so that most of the ex- 
periments conducted to determine efficiency, or the lack of it, have 
been on this type. Certainly all of the siphons which have been de- 
signed to date have been planned on the general principles of hy- 
draulics, and still there is a dearth of information by which the de- 
signer may be guided in selecting the proper proportions for the 
vital parts, or in departing from present practice with any assurance 
of increased efficiency or the accomplishment of a desired purpose. 

Nothing is definitely known of the relative head losses in the vari- 
ous parts of the siphon; the intake opening, the entrance leg, the 
throat, the vertical or sloping outlet leg as the case may be, that due 
to shock or bends, cr the curved discharge end. The effect on effi- 
ciency of a contracting or enlarging section beyond the throat is un- 
known, although such siphens have been built in this country. No 
experiments on working models have ever been conducted to deter- 
mine other than the over-all efliciency, as valuable as such informa- 
tion would be when it is considered that the slightest change in the 
form of some part of a hydraulic structure will very often make the 
greatest difference in efficiency. Of course, it is in the long run only 
the efficiency of the structure as a whole which is desired, and the 
problem is solved, other than the value of having such information 
as will assist in arriving at the most economical design or in making 
designs conform to some additional specification as to speed in bring- 
ing the structure into operation and maintaining certain variations 
in allowable water surface. 

1See description Engineering Record, May 16, 1914. 
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The formula Q=kA-/2gH is used as the basis for figuring dis- 
charge. While this expresses the quantity discharged, the accurate 
design of one of these structures will necessarily require more thor- 
ough search into the theory of the hydraulic features such as would 
enter into any tendency to retard flow and thereby reduce the 
efficiency of the whole structure. Coefficients, as has been stated 
above, have merely been assumed, and it is to be regretted that more 
data have not been developed to prove just how correct this practice 
has been. Forms and dimensions of the different functioning parts 
must necessarily be deduced from theoretical considerations, and on 
the results of data obtained from practical installations of such 
structures as have furnished any such information. 

Theoretically, fixed rules have been adopted and practice has shown 
the advisability of having the overpour crest of the throat at the same 
elevation as the normal water level in the reservoir. For starting 
siphonic action the inlet must be sealed by the water as soon as the 
water in the reservoir rises above this normal height and climatic or 
other conditions may make this a matter of choice as to which of two 
methods will be used. The inlet lip can be made to extend down to 
the normal water surface or a very slight distance below it, so that 
when the water drops below this level the air is admitted and siphonic 
action ceases; or the inlet lip is extended to a considerable depth 
below the water surface, and the highest point in the crown of the 
siphon is connected with air inlets either fixed or regulated to admit 
air to the crown at the desired stage of water surface and break 
siphonic action. This latter case is used and is desirable when float- 
ing material may interfere with the proper action of the siphon. 
The contrast in the two designs is shown by text figures 6 and 7 as 
installed in Europe. 

The discussions the writer has had with various engineers who have 
designed and installed siphon spillways have led to the belief that 
the assumed coefficients have been uniformly low; that refinements to 
a reasonable degree would lead to higher efficiencies; and that data to 
determine the reliability of coefficients of discharge and possibilities 
of future design must be obtained from existing installations. Any 
attempt to discuss the ideal proportions of the parts of a siphon spill- 
way in order to approach the maximum efficiency would only revert 
to the general assumptions taken from fotmulas whose applicability 
has not been proven, but merely taken in all cases as being adaptable 
to this comparatively undeveloped structure. 

In a series of experiments carried on at Throop College of Tech- 
nology in California and at Fort Collins, Colo., several small models 
of siphon spillways were tested and some very interesting informa- 
tion obtained, proving that the conclusions from standard formulas 
to develop the proportionate dimensions of the various parts were 

j 
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reasonably well founded. The Throop College experiments were 
conducted by Mr. R. N. Allen, a student of the institute, as a basis for 
a thesis, and were directed by Professors Ford and Thomas, also of 
the college, and Mr. Louis C. Hill, of Los Angeles. The Fort Collins 
tests were conducted by the writer, at the cooperative hydraulic 
laboratory of the United States Bureau of Public Roads and the 
Colorado Experiment Station and, of course, all of these tests 
must be given only such weight as would result from a laboratory 
rather than a working model. They will tend to encourage research 
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Fic. 6.—Cross-section outline of Lagolunga Reservoir siphon spillway. This is a typical 

example of the siphons installed in Europe where there is no trash or floating ice to 
clog the throat. 

to develop the proper data from tests in a full-size structure, and 
suggest the study of such points as were not touched upon in the lab- 
oratory tests and will also stand as a guide to the finding of causes 
for the peculiar behavior in the smaller models. Great care was 
exercised in the design of the model siphons to obtain theoretically 
correct proportions for the intake, throat, outlet chamber, and outlet 
opening, both with and without the lower seal. 

In the models for the Throop College experiments corrections 
were made for the friction coefficient of the materials as shown in 
standard tables. The outline of one of the models is shown in figure 
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1, Plate XII, and the arrangement of piezometer tubes and gage 
board in figure 2, Plate XII. A diagram of the testing laboratory 
and the setting of the siphons on the crest is shown in figure 1. 
Plate XITTI. 

The Fort Collins models were larger than those at Throop College 
and were designed as a miniature of the Phoenix siphon shown in 
figure 8 and hinged to permit of changing the shape of the outlet leg. 

The tests were conducted to ascertain: 

Fic. 7.—Outline section of type of siphon spillway built by Gregotti in Italy. Note 

submerged intake lip and surface air control intended for use where floating trash or 

ice interferes with operation. 

(a) The theoretical and actual loss of head in the various parts. 
(6) The effects of various shapes of parts upon head loss in that 

part and upon the general efficiency. 
(ec) The total efficiency of the structure and to determine a value 

for k in the formula Q=kAj2¢H for different shapes. 
(d) The relation between the depth of submergence of the dis- 

charge lip and the depth of water over the throat to bring the siphons 
into action under different conditions of air inlet. 
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(e) The relation between the depth of submergence of the dis- 
charge lip and the speed of priming with various depths of water 
on the throat and various conditions of air inlet. 

(7) Any additional relations which might become apparent. 

COMPUTATIONS FOR DESIGN. 

The calculations for the design of the models were varied to include 
a uniformly enlarging cross section of the outlet leg, then decreasing 
this to a uniform and finally to a converging section for the different 

tests. The formula Q=kA+2gH was used, with A indicating the 
area of the throat in this case, but which may be taken as the cross- 

sectional area of the 
outlet leg, using, of 
course, the  corre- 

Bh 

bf 

a sponding coefficient 
|  proribas of d ise har ge, de- 
® eet cohen pending upon the 
) ‘9 This end plugged = , 

2 shape of the siphon 
and the extent of di- 
vergence or conver- 
gence. 

The effect of a 
properly expanding 
outlet leg is to in- 

‘crease the coefficient 
of discharge, calcu- 
lated to produce re- 
sults showing it to 
be greater than 
unity, and in siphon 
construction the ex- 

revgt Pe A tent of throat con- 

| traction is limited by 
Fic. 8.—Cross section of siphon spillways, Arizona Canal, : 

U. S. Reclamation Service, near Phoenix, Ariz. Installed id misses throat 
to control the flow of canal at Arizona power plant. Note velocity equ al to 
the conyerging outlet of the discharge chamber. Sketch that produced by a 

shows air-control valves removed. 
perfect vacuum. 

Assuming that the operating head is relatively large, so that the 
outlet velocity will approach the highest throat velocity, the degree 
of expansion need be small, and in fact it may be advisable to make 
the outlet leg convergent, as was done on the final design of the in- 
stallation of the Salt River siphons (fig. 8). 

Data as to the effect of such practice have not been published. In 
the lower operating heads the outlet velocity may be low and it may 
be desirable to construct the throat area in a contracted form to such 
an extent that the throat velocity will approach the maximum 
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velocity as induced by a perfect vacuum. On one such installation 
known to the writer, where the most minute study was given to the 
computations for the design of the different parts of the siphon, and 
the maximum available head for producing velocity was 11.87 feet, 
the mercury gage used on a test of the structure indicated a partial 
vacuum equivalent to 15.60 feet. This was noted as suggesting that 
the siphon was acting in a manner similar to a compound diverging 
tube under pressure, and yielding a coefficient of discharge greater 
than 1 and which may even have approached 14 or 2. 

As stated above, in a discussion of the computations for the proper 
proportioning of the parts, one may go thoroughly into the theo- 
retical determination of their dimensions, but must come back to the 
realization that the data are too meager to justify any conclusions 
and surrender to the simpler formula based on the elements of cross 
section, velocity, and a predetermined constant. 

If TH represent the effective head—that is, the difference in eleva- 
tion between the water surface at the inlet of the siphon and the sur- 
face in the tail water or the mid point of the outlet end (depending 
upon whether or not the outlet is submerged)—we may express the 
losses due to all causes in the passage of the water through the siphon 
as follows: 

V2 

Ho HL LH, HM, 

In the above equation V is the velocity at which the water leaves 
the tube; H, is the loss of head at entrance; H, the loss due to fric- 
tion; HH, the loss due to enlargement of section; H, the loss due to 
contraction; and H, the loss of head due to bends. 

Velocity of approach has the same influence on a siphon spillway 
as on a crest spillway, but this influence is so small compared to the 
influence of the head of elevation that it can be ignored. 

Because of the fact that the outlet basin of most siphons is so con- 
structed that the velocity head is completely dissipated in eddies, no 
mention is made of any recovery of velocity head. This formula, 
therefore, accounts for the elements which hydraulicians agree con- 
tribute to form a factor of efficiency for the structure as a whole. 

No tests on other than laboratory models have been conducted to 
obtain correct results of the actual application of the factors, or to 
what extent they are influential. 

It is assumed that an ideal inlet will be largely flared and then 
taper to the smallest cross section of the siphon, which is usually 
at the throat, because it is known that from tests on pipes of small 
cross section and of different materials the entry loss for a bell- 
mouthed intake will approach a value of 0.05H,. The value 0.25H, 
has been assumed as the extreme limit for loss from shock or bend, 
but this has not been proven, in pipes of large diameter. Whether 
or not the assumption is correct can not be stated, and is here taken 
to apply where the radius of curvature is at least equal to the 
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height of the throat, and this coefficient is based on the velocity at 
the throat (V). 

The friction loss in the outlet leg depends upon the material 
and class of workmanship therein, and is further dependent upon 
the cross section of the chamber with regard to the throat, which is 
assumed as constant and equal to the area of the throat. 

RESULTS OF TESTS. 

The writer has stated in another part of this paper that the only 
tests made to determine the losses on the different parts of the 
siphon are those of the small laboratory models, so that in summing 
up the results reference will be made to the tests of overall efficiency 
on working models built to discharge large volumes of water where- 
ever such information is available. Some points have been brought 
out incidentally in these larger tests, indicating the value which may 
be placed on the deductions drawn from the laboratory work. 
Taking these points up in the order in which they are listed in a former 
part of this paper, the following is a summary: 

(a) The theoretical and actual loss of head in the various parts of 
the structure as determined from the tests were not consistent for the 
various tests nor for the different models, but were of sufficient ac- 
curacy to warrant the use of the standard formulas until some more 
reliable data can be developed. The standard formula for the loss 
at entrance head 0.50H, for the type of opening for which the 
formula was developed ran both high and low in the tests, and may | 
be considered as holding good as an average, so far as any develop- 
ments in the laboratory results are concerned. Friction loss in the 
structure was indicated as being negligible in the larger sections of 
the tube, and was heaviest at the throat or contracted section. 
It was so small as to be neglected in the results. 

(/) The varied shapes of the discharge lip did not seem to affect 
the total efficiency, and since all of the models were of uniform design 
at the intake end, nothing developed in the tests at that point or in 
the bends from which to draw conclusions. No data from models of 
larger siphons are available with which to compare these. 

(c) The total efficiency for the various models for different air-inlet 
conditions ran 0.84, 0.98, and 0.983 for the three sets of tests when 
grouped and averaged. Similar tests on larger models, but without 
the introduction of varying air-inlet conditions, ran from 0.644 to 
0.805, and in a number of other siphons in this country and in Europe 
coefficients of discharge ranging from 0.70 to 0.82 have been found. 
These points will appear in the descriptions of the individual cases 

hereinafter taken up. 
(d) The commonly accepted theory has been that the flow of water 

over the crest of the siphon would exhaust the air through the dis- 
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Fig. |.—MODEL OF TESTING SIPHON. Fig. 2.—MODEL WITH GAGE BOARD 

AND SEVERAL PIEZOMETERS AT- 
Dotted line at foot of model shows approxi- TACHED. 
mate shape of discharge lip of the models 
used in the Throop College experiments. Connections for piezometer tubes were of 3- 

inch brass tubing soldered flush to the inside 
face of the siphon. 
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charge leg and under the discharge lip, provided the outlet leg was 
sealed at that point and that the air becoming rarefied would encour- 
age an increase in this flowing head until full siphonic action was 
accomplished. The tests on the laboratory model indicated a tend- 
ency to develop a back pressure in the crown by this rise of the water 
surface at the inlet, and the suppressed effort of the air to escape 
under the discharge lip when the seal was complete. 

In fact, it was shown that with the discharge lip submerged 0.1 to 
0.2 foot, and fully out of water, resulting in the tube being unsealed, 
the siphon primed easier and quicker than when the outlet lip was 
submerged to increasing depths to effect more complete seal. The 
tests on the Yuma siphons indicated that this is probably trug, but 
the head on the discharge lip during the Yuma tests was not reduced 
sufficiently to disclose its action with sealing heads of 1 foot or under, 
or when flowing freely into air. The Ocoee River installation of the 
Tennessee Power Co., however, does bear out the tests of the small 
models, although it has been argued that the shape of the outlets of 
these siphons in itself forms a seal. Conclusive proof that a sealing 
basin is not necessary on siphon spillways or that the efficiency of the 
structure is not decreased by the absence of it, would lead to a great 
reduction in their cost and would permit of the elimination of another 
weak point in freezing weather. 

(ec) The placing of air inlets and the submergence of the outlet 
end are so closely related that the points are difficult of separation 
in summing up the results. One question to be solved is to determine 
the proper depth of submergence of the discharge lip to produce max1- 
mum siphonic action, and another is to determine the shortest period 
of time necessary to produce complete action under the same condi- 
tions. To enable the plotting of a curve to show these relations, various 
conditions were produced by the manipulation of improvised air in- 
lets, made possible by utilizing the tubing for connecting the gage 
glasses. With all air inlets or outlets closed over the throat section, it is 
intended that the siphon will come into full action just as the water 
flows over the crest. The condition as developed with a complete 
seal of the siphon tube and with the water rising in the inlet and 
outlet legs produced an air compression in the tube which tended to 
retard the increase of head on the overflow crest, and consequently 
required a longer period of priming because of the resulting decreased 
flow of water necessary to produce expulsion of the confined air in the 
tube. The shortest period of priming was obtained by using the 
gage-tube connection at the throat as an automatic air valve, allow- 
ing all compression in the siphon to be relieved when the water rose 
to produce it, and then to be instantly closed when a reverse pressure 
was started. 

(f) This suggested that the delays in priming were shortest when 
a relief valve was provided; that the heads on the crest of the throat 
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necessary to effect a complete priming were less under such conditions 
or when the outlet lip of the discharge leg was so deeply submerged 
as to set up reverse action in the expulsion of the entrained air. 

‘Since the tests referred to were made a system of relief valves has 
been installed in connection with the battery of seven siphons placed 
in the Huntington Lake dam in California, the discharge from which 
amounts to 5,000 second-feet. The description of these siphons fol- 
lows in another part of this paper. 

SIPHON AT GIBSWIL, SWITZERLAND. 

A siphon at Gibswil in Switzerland, built with a sloping instead of 
a vertical outlet leg, is described as consisting of a 4-inch riveted 
steel tube tapering from 31.5 to 23.6 inches in diameter, the assumption 
being that the taper would tend to keep the water column from part- 
ing under the 52.48-foot head which was utilized. The inlet pipe 
was cut on a horizontal plane at the normal high-water surface and 
was incased in a reinforced concrete hood projecting 3.28 feet below 
normal water surface, so as to prevent the entrance of ice or float- 
ing débris. The air control, to break the action of the siphon and to 
prevent the water from being drawn down into the reservoir below 
normal surface, consisted of long narrow slots cut through three of 
the sides. When the water rises these slots are closed and siphonic 
action begins. A series of tests to determine over-all efficiency for 
this siphon gaye a discharge of 98.9 cubic feet per second, but this 
was considered inaccurate and lower than the real efficiency of the 
siphon, because it was found that some of the air slots were not fully 
sealed. A maximum efliciency yielding 123.6 cubic fect per second 
was determined as a more accurate assumption of the real capacity. 
Computation of the end area at 3.03 square feet would give a corre- 
sponding velocity of 40.8 feet per second. The velocity due to 52.48 

feet head is V= -¥2gH = 58.06 feet per second and thus the efficiency k 
40.80 

58.06 

in the pipe alone equaled 10.2 feet, which certainly is high and con- 
firms the statement made in another part of this paper that the in- 
crease in the length of the tube beyond 34 feet would reduce the 
value k. In addition, this tube had the added friction produced by 
building the draft tube on a slope and thus making it longer. 

In another siphon installation, also in Switzerland, the conditions 
to be overcome as the result of conflicting requirements of several 
plants and their water rights, were peculiar. There was a spinning 
and weaving mill operated by hydraulic machinery, the tail water 
from which, up to a maximum of 56.5 second-feet, was appropriated 
by a twine plant farther down the stream. The discharge from the 
first plant in excess of the 56.5 second-feet had to be Ied over a weir 

is = 0.70 as acoefficient of discharge. The computed friction loss 
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spillway 230 feet long and through two sluiceways into the canal of 
still another plant of a hydroelectric company. Obligations fixing 
the disposal of the water over the spillway provided that the head 
must not exceed 2 inches, and since on the one hand the discharge was 
variable with 160 second-feet as a maximum, the demand of the power 
plant for water was also variable, so that close regulation and con- 
tinuous attention were imperative. The power company had built 
a 20-foot spillway, but the water often rose 10 inches above the 
permissible stage and thereby interferred with the operation: of the 
plant above. To eliminate the disadvantage to all concerned, the 
twine mill built a siphon for a computed discharge of 70.6. second- 
feet and the power company built one for a computed discharge 
of 88.3 second-feet. The latter was built on the old spillway, which 
was broken through and covered with a reinforced concrete hood. 
The head between pond and tail water was only 4.92 feet, but the 
completed structure gave a test discharge of 91.8 second-feet. The 
cross-section of the siphon was uniform and of an area of 9.47 square 
feet, giving an actual velocity of 9.7 feet per second and correspond- 
ing value of 0.55 as a velocity coefficient. This case is described in 
detail to illustrate the adaptability of the structure and to emphasize 
its value in just such cases of conflicting regulatory requirements, of 
which there are many.’ 

TENNESSEE POWER COMPANY’S SIPHONS ON OCOEE RIVER. 

Where the canal of the Tennessee Power Company crossed a ravine 
it was necessary to design a structure capable of spilling from 1,300 to 
1,400 second-feet. The structure must also take care of a rise of 1 
foot in water elevation in a period of 8 seconds in case the power 
plant just below it should be suddenly shut down or in case of 
stoppage of flow due to slides or other obstruction just above the 
forebay. The 1 foot referred to was the limit of freeboard in the canal 
at the point. An overflow spillway capable of satisfying the condi- 
tions would have been 400 feet long, and since the available space 
in which the structure had to be placed was insufficient, a battery 
of 8 siphons, each having a throat cross-section of 8 square feet, 
(1 by 8 feet), was installed, with the addition of a sand gate. The 
operating head on four of the siphons was 27.2 feet and on the re- 
maining four 19.2 feet and the draft resulting produced an increased 
velocity corresponding to the difference in elevation between the 
water surface in the forebay and the center line of the siphon outlets, 
minus the usual losses due to entry, bends, friction, etc. The 

{ 

vertical draft tubes change gradually from the throat cross-section 
at its upper end to 4 by 2 feet at the lower end, where it connects 

1Data taken from a paper by Herr J. Huber and published in Engineering News, 

May 3, 1913. 
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with the flaring outlet. In each unit the inlet is well submerged, with 
its upper end 5.5 feet below the water surface. The inlet is 3.5 feet 
high and 6 feet wide, protected by a vertical screen with 2-inch bars 
spaced 4 inches center to center. The over-all efficiency was tested 

using the formula Q=kA-/2gH and gave a coefficient of discharge 
of 0.65. These siphons are not provided with water seals on their 
outlet ends, but have free discharge. The whole structure, gate in- 
cluded, was placed in a length of 90 feet and the cost was one-third 
that estimated for the overflow type of spillway. 

UNITED STATES RECLAMATION SERVICE SIPHONS. 

The United States Reclamation Service has located a siph6n about 
12 miles below the heading of the Yuma Project, where the main 
canal leaves the foot of the mesa and turns southward toward Yuma. 
At this point there is a drop of about 12 feet in water level, bringing 
the canal to the level of the lower valley. It is intended to develop 
power here to be delivered to a point below Yuma and used for 
pumping water from the main canal through a lift of about 80 feet 
to the top of the mesa, for the irrigation of some 30,000 to 40,000 
acres of land. <A battery of 5 siphons has been installed. They can 
be adjusted to discharge at different levels and all employed when 
the canal is running full, the combined theoretical discharge being 
1,488 second-feet. They have been tested operating as a battery at 
efficiencies ranging from 68 to 70 per cent and in combinations from 
64 to 80 per cent. The area of the smallest or throat section, which | 
was used in the computations, is 11.35 square feet, and at the outlet 
end 21 square feet. In the tests for efficiency the actual drop between 
water surfaces was 11.87 feet, which was certainly all the head avail- 
able for producing velocity, but the partial vacuum registered by 
the mercury gage showed an equivalent of 15.60 feet of water. 

This was noted as indicating that the siphon was acting in a man- 
ner similar to a compound diverging tube under pressure and having 
a discharge coefficient greater than one and which may even have 
been greater than two. It also indicated that the draft tube should 
flare, which was the case in this instance. The observed depth over 
the lip of throat necessary to start siphonic action was 0.85, 0.40, 
0.35, 0.15, 0.85, and 0.40 foot respectively for the siphons as listed 
above and with 5.35 feet of water over the lip of the outlet, and they 
ran uniformly one-tenth foot higher in each case with the outlet sealed 
with 6 feet of water. They are of reinforced concrete and cost about 
$23,000 complete. The regulation of siphonic action is by means of a 
specially designed sliding air valve shown in figure 9. This same 
design is used on the installations at the Salt River project near 
Phoenix, Ariz. The operation of these control valves was satisfac- 
tory, except that there was not enough vertical movement to permit 

% 
; 
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of a wide range of regulation of the water surface and floating trash 
had a tendency to enter and clog the neck of the valves. Screens 
fixed on their lower ends removed the difficulty. 

On the Sun River project there is a structure on the main canal, 
shown in figures 1 and 2, Plate XIV, and in cross-section in figure 10, 
which combines a storm culvert, sluice gate, and siphon spillway. 
The canal at the point of installation has a maximum capacity of 1,000 

Fig. 9.—Air-coutrol valves to start and stop siphonic action. Installed on siphon spill- 

ways of U. 8S. Reclamation Service near Phoenix and Yuma, Ariz. 

second-feet, and the siphon is designed to dispose of any water in 
excess of that amount up to 1,500 second-feet, because the combina- 
tion of the three siphons is calculated to discharge 500 second-feet. 
To provide for any possibility of silt deposit at this point, the three 
sluice gates, each 3 by 3 feet, operating under a head of 11 feet, will 
discharge about 500 second-feet and the culvert which conducts the 
flow to a natural drainage channel is designed for capacities of 900 
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and 1,400 second-feet at the intake and outlet ends respectively. The 
siphons are to operate under a head of 12 feet, at an average velocity 
of about 14 feet per second, assuming 0.50 as a coefficient of discharge. 

The structure is of re- 
inforced concrete 
throughout, with a 
detached air chamber 
for the regulation of 
the siphons. The air 
control has not given 
satisfactory results 
because of its isola- 
tion; otherwise the 
structure is a good ex- 
ample of the combi- 
nation of facilities 
for the control of su- 
perdrainage on side- 
hill canal or where 
melting snows or ob- 
struction below the 
structure might cause 
an abnormal rise of 
the water level in the 
canal at the site of the 
siphon. 
A structure to regu- 

late the Arizona 
Canal of the Salt 
River project, at the 
Arizona Power Plant, 
is shown in figure 8. 
The area of the throat 
section is 10 square 
feet, flaring to a maxi- 
mum section of 15 
square feet at a point 
10 feet above the lip 
of the outlet, where it 
tapers to the same 
form and cross section 

as that of the throat. This is the only case of the tapering draft tube 
known to the writer and it is to be regretted that there is no informa- 
ion as to the efficiency of the structure. Such a series of tests as 
would give results enabling the engineering profession to ascertain 
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the effects of this departure and verify or correct the theory of the 

parting water column in siphons under relatively high heads would 
be of benefit, and the tests taken on the Yuma installation, where 
the design is identical 
except for the converg- 
ing outlet, could be con- 
trasted. 

As a method of auto- 
matically safeguarding 
the freeboard of a canal 
at isolated points, the 
small siphon shown in 
figure 2, Plate XI, and 
in text-figure 11 is a 
good example. These 
figures illustrate the 
siphon at the head of the 
Kast Park Feed Canal of 
the Orland project. It is 
designed to operate when the water stands 
0.2 foot/above the top of the waste weir 
at the place of diversion, and thus fur- 
nish a close regulation of the water sur- 
face. The estimated capacity is 99 sec- 
ond-feet, with 0.50 taken as the discharge 
coefficient. This was one of the first in- 
stallations in the United States and followed the. 
European custom of inclined draft tube, the slope 
of the ground at the site being particularly 
adapted to the design. 

EUROPEAN PRACTICE. 

The Italian engineer Luigi Luiggi describes 
numerous siphon spillways which have applied to 
dams and to many power and irrigation canals.1 The 
prevailing type is a square tube built of reinforced con- * 4 
crete and capable of discharging from1 to 525 second- %6 

_ feet, varying, of course, according to section and the head ‘ 
under which they operate, which ranges up to 34 feet. 

To produce larger discharges where head was limited, siphons are 

placed in batteries. A typical example of clever control by the siphon 
spillway is shown in the case of the Logalunga Reservoir, near Genoa, 

Cross section of siphon spillway, headworks East Park supply canal, Orland project, California. 

Fie. 11. 

* Transactions of the International Engineering Congress, 1915, Waterways and Irriga- 
tion Section. 
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where the old overflow spillway required a head of from 4 to 8 feet to 
discharge the freshets, and, as is usually the case where the overfall 
spillway is used, quantities of valuable water ran to waste over the 
spillway after each storm. <A battery of 10 siphons, each with an in- 
ternal cross section (fig. 6) 6 feet 4 inches square and a working head 
of 18 feet 11 inches has a calculated capacity of 5,250 second-feet. At 
the same time the sill of the spillway was elevated 3 feet, producing 
additional storage fot about 240 acre-feet. This additional ca- 
pacity is a very important advantage in places where water is 
valuable. It was, moreover, proved that the siphon gave a discharge 
of 525 second-feet when the water rose to4 inches over the lip, which 
was a rise of 14 inches less than with the old spillway, thus reduc- 
ing the water pressure against the dam correspondingly. The ad- 
ditional storage referred to above represented an income of at least 
$3,000 per year, and if capitalized at 5 per cent would produce a 
total of $60,000, or at least six times the cost of the new spillways. 
There are numerous examples of such possibilities in this country 
known to the writer where the siphon spillway should be considered. 

Tn one of the large hydroelectric developments in the western part 
of the United States there was constructed a dam over 100 feet in 
height with a spillway section close to 600 feet in length. The 
maximum head on the crest with a discharge of 100,000 second-feet 
is 14 feet, with a freeboard of 4 feet. In other words, it was neces- 
sary to design the structure so as to limit the range of rise in the 
reservoir to 14 feet above the crest of the spillway and at the same 
time take care of the maximum inflow. With a battery of spillways - 
of the siphon type such as was installed in the Sweetwater dam or 
the Huntington Lake dam, in California, at least one-half of the 
spillway area could have been saved with an additional storage of 
about 8 feet of water in the top of the reservoir, where each foot 
means an enormous amount of stored energy. In addition, much 
closer regulation of the pond level would have been provided. 

In Italy the structure has been more fully developed and used, and 
it is stated that there are more than 100 siphon spillways in use in 
connection with Italian dams and canals. 

HUNTINGTON LAKE SIPHON SPILLWAY. 

Huntington Lake is located about 50 miles northeast of Fresno, 
Calif., and is formed by the construction of three dams impounding 
the waters of Big Creek, a tributary of the San Joaquin River. It 
has a watershed area of 80 square miles and an average annual pre- 
cipitation of about 31 inches. The dams are of concrete, of the 
gravity arch type, two of them 100 feet in height and one over 150 feet 
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Fic. |.—INTAKE END OF SIPHON WASTEWAY ON MAIN CANAL OF SUN RIVER 
PROJECT. 

Note the three sluice gate openings referred to in the description. 

FIG. 2.—INTAKE END OF STORM CULVERT SHOWN IN FOREGROUND AND SIPHONS 

IN BACKGROUND. 
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Fic. |.—OUTLET OPENING FOR OVERPOUR SPILLWAY AT SOUTH END OF SWEET- 
WATER DAM, CALIFORNIA. 

Fig. 2.—SWEETWATER DAM AS COMPLETED AFTER THE FLOOD OF I9I5. 

The outlet side of the battery of six siphons is shown in the picture on the left-hand side of the dam. 
phe a aaeee as additional spillway after the flood had cut a channel where the siphons are 
now located. 
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high, the latter being in Big Creek itself. In 1917 these dams were 
all raised 35 feet to an elevation of 6,955.5 feet. The dam known as 
No. i was the only one provided with a spillway, the other two being 
constructed above any possibility of overflow. An overflow crest 645 
feet long was built in dam No. 1 over which flow begins after the 
water surface in the reservoir exceeds an elevation of 6,950 feet. The 
downstream face was built in a series of steps, each 4 feet high and 2 
feet wide, and to prevent any great amount of water going over the 
dam, a battery of 7 siphons was installed to operate when the water 
on the spillway crest had reached a depth of 6 inches or more. 

The cross-sections of these siphons are shown in figure 12, and it 
will be noted that they are not of uniform design in that five of 
them have the outlet legs inclined toward the intake and two of 
them slope away from the intake. They are all of reinforced 
concrete with throats 3.5 feet high and 12 feet wide, containing an 
area of 42 square feet. Because of the sloping topography of the 
canyon side where the siphons are built, they also vary as to operat- 
ing head, three of them being designed to utilize 12 feet, two of them 
15 feet, one 18 feet, and one 22 feet fall from head to tail water. The 
intakes extend 4 feet below normal water surface and are tapered 
from an area 9.25 feet high by 15.5 feet wide to that at the throat, 
49 square feet, and the draft leg is uniformly of the same area as 
that at the throat. Except for extreme care in making the concrete 
dense enough to exclude air leaks in the siphons, no other precautions 
were taken to effect a special lining other than a coat of “ gunite,” 
which was applied after the forms were removed. Air control was 
provided by an 8 by 27 inch air duct connecting the upstream face 
of the dam with the crown of each siphon chamber, the top of the 
air inlet being at the same elevation as the overflow spillway crest. 
A sliding gate is fixed over these air ducts, the vertical movement of 
which is 16 inches, which makes possible the regulation of the siphons 
to a point that far below the point where siphonic action would 
ordinarily cease. 
A peculiar condition was developed as a result of the varying heads 

under which the siphons were to operate in that the sealing basin of 
the upper, or lower-head, units would tend to overflow into the ad- 
jacent basins, causing a rise of water in the siphon chambers at the 
outlet end and transmitting adverse air pressure to the intake arm 
and resulting in the lowering of the water there and retarded priming 
of that particular siphon. To eliminate this condition there was in- 
stalled a system of relief pipes connected with the crowns of the 
siphons so that any air pressure in one siphon produced by the action 
of another could be expelled by the siphon in action. This was sufli- 
cient for those whose outlets were of the same level, but the pipes for 

149907 °—20——3 
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the others were led to a point 2 inches under water where air pressure 

could be relieved but back suction after priming was retarded by the 

high lift. The calculated capacity of battery is 5,200 second-feet and 

since the project has been but recently completed no tests of efficiency 

have been conducted. It is evident that the assumed discharge co- 

efficient was conservative. The siphons replace a system of flash- 

boards 6 feet high which were used before the dams were raised. 

Figure 13  repre- 
sents a smaller type 
‘placed at a number of 
points along the canal 
system of the Mount 
Whitney Power and 
Light Company in 
California. The op- 
erating head is 3.5 
feet, the cross section 
0.5 by 2 feet, and the 
approximate dis- 

-sl 

charge 10 second-feet. ay t Vay Se | 
Larger structures in- obi | 24 | | 

stalled in batteries of eral |. \ec\ ot 
three units are also z[- Coe ee pee | 
placed along their 4m EN coe 
canal system (fig. 14), Bea “4 | Vo 
designed along the poop goin, ws | = ae Sl I ) 

same general lines, par Ae[ Aisa] | | 
but capable of dis- = ‘| 
charging up to 100 a 
second-feet. The i 
only trouble found 
with any of these was 
due to ice and float- Section BB. 
° t l hich el Fie. 13.—Cross section of siphon spillway to waste small 

img trasn which clogs amounts of water. Located at isolated points on the 
the intakes. but which canal system of the Mount Whitney Power & Electric 
4 ? Co. near Visalia, Calif. 
is seldom a great men- 
ace, since the structures are rarely in operation during the period of 
freezing weather. Figure 7 shows the outiine of a typical European 
design such as was installed by Gregotti and as designed to overcome 
the objection where trouble may be expected from ice and floating 
trash. The air regulation is so arranged that it can be manipulated 
to break siphonic action when the ordinary air duct intake is menaced 
by ice. Provision is also made for the drainage of the water-seal 

_ basin to prevent freezing and consequent stopping of the outlet. 
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The claim that the siphon spillways constructed as control devices 
on the New York State Barge Canal were the first installations in 
this country is undisputed. This project offered several ideal cases 
for testing their adaptability in regulatory capacities and they were 
utilized in several locations where other and better known structures 
were either impracticable cr impossibie. Two of the three locations 

4"Apron if necessary. 

Fig. 14.—Cross section of larger size siphon spillway in battery of three. These are 

also located at points where automatic operation is essential, and as built and operated 

by the Mount Whitney Power & Electric Co. are capable of discharging 100 cubic feet 

per second. 

required a structure capable of disposing of the waters accumulated 
from an intercepted drainage area and which had to be discharged 
into an adjacent stream. Surface fluctuation was limited, so that the 
overflow into the canal could not be in excess of the outflow and it had 
to be discharged with rapidity equal to the inflow. The old form of 
overpour spillway with the cea! length of crest to dispose of the 
water within the limits of surface rise and fall was impossible in at . 
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least one case because of the lack of area in which to build it. At 

this point it was estimated that the maximum inflow from the drain- 
age area was about 700 second-feet, which the siphons must take care 
of during heavy rainfall and in addition limit the fluctuation of 
water surface to 1 foot. A weir to discharge the inflow stated, with 
the limiting head en its crest, required a length of 200 feet which 
was not permissible under the conditions and a spillway consisting 
of four siphons and a 20-foot waste weir for floating trash, required 
but 57 feet between abutments. Each siphon has a throat area 7.75 
feet wide by 1 foot high and acts under a head of 10.5 feet calculated 
to discharge 160 feet. The 20-foot weir with the 1 foot head will 
discharge 70 second-feet, making a total of 710 second-feet. The in- 
let of the siphons is well submerged to prevent the entrance of float- 
ing bodies and is further protected by screens. The inlets were 
fiared to twice the normal area to reduce to a minimum the loss of 
head due to entry, and the throat of the siphons were each made 1 
foot high, because it was desired to retard full siphonic action until 
the tubes were completely filled at that point. They were flared 
again to a section of 2 feet by 4 feet at the outlet end. Air vents 6 
inches high by 12 inches long were provided for each siphon, pierc- 
ing the wall at low-water level, thus regulating the action at that 
point.? 

Contrasting examples of requirements of overflow and siphon spill- 
ways are furnished in Italy, where the limiting lengths of spillway 
sites are in a ratio of about 6 to 1. The two plants in question are 
a hydraulic power plant near Milan, which is equipped with or- 
dinary overflow spillway, and another at Verona with a siphon spill- 
way. The siphon is confined within a space 59 feet in length and 
limits the surface fluctuations to 3 inches, while the overflow spill- 
way at Turbigo, near Milan, is 300 feet in length and does not dis- 
charge the required volume until 2 feet of water pours over its crest. 
In addition the overfiow spillway is supplemented by three gates au- 
tomatically worked by electric motors.? The conclusion as to control 
devices is self-evident. 
The battery of 6 siphons recently completed for the spillway at 

the north end of Sweetwater Dam, California (fig. 2, Pl. XV), is 
additional to the old overflow spillway on the south end, which in it- 
self has been remodeled and extended as.a result of the damage by 
the flood of 1915. There is also an emergency overflow spillway 500 
feet long in the center of the dam. The siphon spillway is the largest 
of the type constructed to date, having an intake area for each unit 
of 144 square feet, a throat area 6 by 12 feet, or of 72 square feet, an 
outlet opening 8.5 by 12 feet, or of 102 square feet, and operating 

1 Engineering News, vol. 64, No. 15. 2 Wngineering News, Apr. 20, 1911. 
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under a minimum head of 36 feet. The calculated discharge of the 
battery is 16,600 second-feet with an assumed coeflicient of 0.70 and 
a minimum head of 36 feet. The total capacity of the siphons and the 
overflow spillways at the south end and center is now estimated to 
be 50,000 second-feet with 5 feet of water flowing over the center 
spillway. Figure 1, Plate XV, shows a cut of the south-end spill- 
way. About 300 feet below the dam proper there is a reinforced con- 
crete hollow-type dam built to provide a stilling pool and neutralize 
the energy of the water falling from the three spillways. 

CONCLUSIONS. 

The purpose of this bulletin is to assemble, as fully as possible, 
all the best information known to the writer in such a way as to be 
of use to anyone interested in the subject. It is the intention of the 
writer to point out, in as brief a manner as he can, the advantages of 
the siphon spillway when it is desired to facilitate the escape of high 
flood crests, and at the same time to conserve crest length, and cost 
of construction and maintenance, »y eliminating the use of mechani- 
cal or other energy necessary to operate partially or completely 
automatic spillways of other types. 

It is not too broad a statement to say that the siphon is the only 
absolutely “ foolproof” method of maintaining adequate spillway 
capacity without the addition of moving parts to be constantly cared 
for and frequently replaced, and which very often fail to operate 
automatically or because of the absence of an intended operator. 

Furthermore, the siphon permits of (1) closer regulation of the © 
pond level, (2) the heightening of the spillway crest and therefore 
additional storage capacity where each unit of height is of greater 
value, (3) the coming into full and efficient action almost at the mo- 
ment the danger point is reached, instead of having to depend upon 
additional danger-producing head to increase discharge, and (4) 
maintaining the desired pond level by quickly ceasing to act when 
the danger is passed. 

It is evident that having provided adequate spillway of the si- 

phonic type in about one-half the area required for any other known 
automatic type, the escaping water is concentrated to a narrow jet. 

This allows a more economical arrangement of the channel intended 

to neutralize the accelerated flow and convey it tc a natural drainage 
course. 

The writer has never heard any question raised as to the possibility 

of damage to land or structures below the point of installation of a 
siphon spillway, but it has occurred to him that such possibilities do 
exist and that provisions may be considered to counteract such dam- 
age. The spillway of a reservoir may be called upon to discharge a 
large volume of water. 
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In cases where ordinary overflow spillways are operating, the 

water released and allowed to continue down the watercourse would 
increase and decrease with the head on the overflow, and would at 
no time during the discharge be greater than the volume of water 

contributed to the reservoir above the structure. The watercourse 
under such conditions would be performing its natural functions. 

In the case of an ordinary siphon spillway, from the instant the 
siphon comes into action the volume in the channel below the struc- 
ture becomes the full spillway capacity and the burden of conveying 
this suddenly imposed surplus may be compared to that of a simi- 
larly released flood; this for the reason that the spillway capacity is 
usually assumed to care for both normal and flood flow into the 
reservoir. 
A battery of siphons may be regulated so as to bring each unit into 

action separately or in pairs by placing their crests and air intakes 
at different elevations. The regulating parts are usually placed 
near the high-water line of the reservoir, where flow into it results in 
a slow-rising water surface. 

_ Varying the elevation of the priming parts of the different units 
need not utilize a range of more than from 1 to 2 feet in height, 
while it would regulate the outflow to conform more closely to the 
conditions of an ordinary overflow spillway and the volume released 
to the watercourse below the dam would vary with the reservoir in- 
flow. 

The lower unit should be fixed to operate at the level where it is 
desired to maintain the reservoir surface, and the remaining units 
should have their crests and air intakes set to operate at slightly 
higher elevations—still maintaining a safe freeboard above the high- 
est air vent. 

The writer is of the opinion that this practice has been followed on 
several of the larger installations, but for the purpose of regulating 
the pond level and not to govern the discharge to the stream below. 

There are conditions where the siphon spillway is not adapted to 
the site or to the requirements which it is intended to serve, and its 
failure to perform under the improper conditions has led to condem- 
nation of the structure as a type. For instance, one case cited in a 
criticism to the writer, refers to the tendency of a siphon to check 
the velocity of the stream near its intakeé-and encourage the deposit 
of silt in front of the structure, where it was used as a regulator at 
the end of a canal. The design of this siphon did not take into 
consideration its utilization as a scouring device, but was intended 
only to skim the surface water and prevent the overflow of the banks 
of the canal. Some provisions should have been made to temporarily 
take care of the silt problem, since it was intended, as an ultimate 
development, that a power plant would be located near the site of 
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the siphon and its installation was never intended for other than 
regulatory purposes. It may be stated that any other nonautomatic 
method of control would have presented the same objections found in 
this case. 

Another case where the siphon was condemned as a failure proved 
to be its attempted use as a series of “ drops” on a canal system, and 
the principal objection in this instance was its failure to deposit tke 
water from the upper to the lower channel in a vertical rather than 
a horizontal direction, necessitating more protection to prevent scour 
below the structure. 

It is agreed that the use of a siphon as a substitute for the ordi- 
nary overpour drop would conserve area and in addition would de- 
liver vastly more water to the lower level per unit of cross section, 
but it would also produce a velocity at the outlet so much greater 
than the velocity developed over an overpour drop that some method 
of destroying the energy of the rapidly falling water must be pro- 
vided. It is not evident, however, why the water should not emerge 
from the siphon in vertical direction as it does in an ordinary drop. 
It is the opinion of the writer that the use ef the siphon as a drop 
is another case of applying the principle to a foreign use without 
taking the necessary precautions to provide for its primary factor— 
accelerated velocity. 

It is hoped that in the near future the more complete study of the 
structure as a standard design for different conditions, forms, and 
efficiencies will develop data to permit of its extended use. 
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INTRODUCTION. 

Kutter’s formula is generally accepted by engineevs as being the 
most satisfactory formula in use for computing the flow of water in 
open channels. After a thorough and unbiased study of all known 
formulas for computing the flow in open channels, engineers of the 
Miami Conservancy District conclude that ‘Although the Kutter 
formula is not ideal it is the best equation available at the present 
time.’ ! The results obtained by the use of this formula are, how- 
ever, affected to such a degree by the coefficient of roughness, n, that 
the selection of the correct value for this factor is a matter of the 
highest importance. The series of experiments described and sum- 
marized in the following pages were made for the purpose of deter- 
mining just what values of n properly apply to the various conditions 
of channel, and the endeavor has been made to present this informa- 
tion in the form that will be of the most practical value to engineers 
charged with the design of drainage channels or the computation of 
the discharge capacity of existing channels. 

iThe Maimi Conservancy District, Technical Reports, Part IV. ‘Calculation of Flow in Open 

Channels,’”’ by Ivan E. Houk, Assoc. M. Am. Soc. C. E. 
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The term n in Kutter’s formula is a measure of ali the conditions 

in a channel that tend to retard the fow. It is quite often regarded 
as simply a measure of the friction between the fiowing water and the 
material forming the perimeter, all other conditions in the channel 

being disregarded. Some of the conditions that influence the value 
of » for earth channels are irregularities in the wetted perimeter, 

nonuniformity of cross section in size and shape, the growth of vege- 
tation in the channel, such as grass, weeds, roots, vines, bushes and 
trees, and the presence of other obstructions to flow, such as logs, 

stumps, drift, and débris of all kinds. Various combina tons of these 
conditions that may exist in a channel make it difficult to choose the 
proper value cf n in computing the flow of an open channel or the 
probable flow for proposed artificial channels. The engineer who 
has had a wide personal observation of conditions in channels for 
waich values of n have been determined is generally well qualified to 
choose the proper values of » in the design of channels. On the other 
hand, the engineer who has not had similar experience must depend 
for his choice of n wpon views and descriptions of channels for which 
values of » have been determined by experiment. In this paper 
views and careful descriptions of the channels for which values of n 
were determined are presented as being the best method of making 
the results of practicai application. 

The experiments described were conducted in six different locali-- 
ties, nienelet Lee County, Miss.; Bolivar County, Miss.; western 
Tennessee; western iowa; southern North Carolina; and eastern 

Florida. The first four sets of experiments were made by the author. 
The experiments conducted in North Carolina and Florida were made 
by A. D. Morehouse and F. HE. Staebner, respectively, both drainage 
engineers of the Bureau of Public Roads. All of these experiments 
were conducted under the direction of S. H. McCrory, chief of drainage 
investigations. 

FIELD MEASUREMENTS. 

| DISCHARGE. 

Particular care was taken to secure accurate discharge measure- 
ments. With few exceptions the gauging stations were located on single 
span bridges, so that there was no interference with the natural flow 
of the water. Where suitable existing bridges at desirable sections 
could not be found, suspension footbridges were constructed, one of 
which is snown in Piate I, figure i. Acable gauging station was built 
on the Bogue Phalia chs Ae in Bolivar County, Miss. (See Plate i, 

fig. 2.) Where the cable stations and suspension bridges were buiit 
ideal gauging sections were obtained. 

Velocity measurements were made with a small Price current meter. 
These measurements were made at intervals of 24 feet across the 

streams for the smallest channels, 5 feet for the medium-sized chan- 

nels, and 10 feet for the largest channels. At the measuring points 
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the velocity was determined at the surface, mid-depth, and the bottom 
of the stream. In a few instances the velocity was measured at 0.2 
and 0.8 depths. The best methods were observed in the use and care 
of the current meter, and it is believed that the results are entirely 
dependable. i 

Carefully made soundings were obtained during low water stages 
at the velocity-measuring points and wherever a decided change 
in the perimeter of the channel took place. As a check on these 
measurements, and to detect any changes due to silting or erosion, 
soundings were also made at the time of the velocity measurements. 
The depths were measured to the nearest tenth of a foot. 

SLOPE OF WATER SURFACE. 

The slope of the water surface was measured along the straightest 
and most uniform course of channel available near the gauging station, 
except in two instances where it was desired to ascertain the values 
of n for curved and crooked channels. The courses chosen were such 
that no tributary streams entered the channei and no decidedly abrupt 
changes in the bottom grade of the channel! occurred along the courses, 
and were so located as to exclude such obstructions as logs, falien 
trees, piling, and bridge piers. In one experiment, however, courses 
were chosen with a view tc determining the influence of such obstruc- 
tions upon the fiow in the channels. Where the course oi the channel 
was not limited in length by the conditions named above, the length 
of the course was made at ieast 10 times the top width of the channel. 
Tt was apparent that representative values of n could not be obtained 
for a channel if a long course was chosen without regard to the con- 
ditions mentioned above. For instance, durmg a high stage in the 
Bogue Hasty channel, in Bolivar County, Miss., drift accumulated at 
a pile trestle bridge just above the slope course, causing a fall of 0.3 
foot from the upsiream to the downstream side of the bridge. The 
actual slope of the water suriace for this channel was less than 1 foot 
per mile, from which it is apparent that had along slope course been 
chosen which included this bridge, decidedly different, values of n 
would have been obtained. Also where long slope courses are used, 
incorrect values of n are oiten obtained, due to the entrance of surface 
water along the course. 

In these experiments the slope of the water surface was determined 
by making vertical measurements from permanently set reference 
points to the surface of the water. These reference points were 
established on horizontal arms extending from vertical posts set 
firmly in the ground at each end of the course. Variations in water 
level of from 3 to 4 feet could be measured from each post, and a 
‘sufficient number of posts were set on the side slope of the channel 
so that all fluctuations in water surface could be measured. The 
elevations of the points on the arms of the posts were determined 
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with a level to the nearest two or three thousandths of a foot-and 
were carefully checked after every high stage in the stream to detect 
any possible changes due to the disturbance of the posts. The posts, 
however, were set in such a substantial manner, that very seldom 

were any changes found. The vertical measurements from the points 
on the arms to the water surface were made with ahook-gauge measur- 
ingrod. In some instances a stillmg box arrangement was employed 
in connection with the hook gauge. These measurements were made 
either before or after the gauging was made, and often both before 
and after. They were made simultaneously by observers at either 
end of the course, or by one observer who first read at the end of the 
course nearer the gauging station, then at the other end, and then 
repeated the first measurement, the average of the first and third 
measurements being used. This method is based upon the assump- 
ticn that the same time elapse between the first and second measure- 
ments as between the second and third measurements; hence errors 
due to a rising or falling stage are practically eliminated. Realizing 
that the accuracy of ae results depended largely upon a correct 
deter aes tion of the slope, the utmost care was taken to secure accu- 
rate and dependable slope measurements. 

CROSS SECTIONS. 

The length of the slope course was carefully measured along one 
bank of the stream and stakes were placed at intervals of 50 or 100 
feet to mark the points where the cross sections were to be taken. 
Where the channel was regular the cross sections were taken at 
intervals of 100 feet. Where the channel was irregular they were 
taken 50 feet apart, or at such irregular intervals as to represent as 
nearly as possible the true average cross section of the course. - In 
making the cross-sectional measurements, distances across the channel 
were measured from the stakes to the ea tenth of a foot. For 
the smaller channels, where wading was possible, elevations on the 
bottom and side slopes of the channels were taken with a level and 
rod to the nearest tenth of afoot, and were taken at intervals of 5 
feet across the channel and at all points where a change in slope 
eccurred. For the larger channels the measurements in the water 
section were ene a taken from a boat attached to a rope stretched 
across the stream and fastened securely on both sides. 

COMPUTATIONS. 

In the experimental determination of the value of n in Kutter’s 
formula, 

LBL 0.0028 
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the coefficient Cis first obtained from Chezy’s formula, 

V= CRS 
and then the value of n by solving for 7 in Kutter’s formula. In 
solving Chezy’s formula for (' the following terms must be known: 

V, the mean velocity along the slope course. 
R, the mean hydraulic radius along the slope course. 
S, the mean slope of the water surface along the slope course. 
As has been explained, the data required for computing these 

values were obtained by field measurements. The mean velocity, 
V, was determined by dividing the discharge by the mean cross- 
sectional area of the channel along the slope course. The discharge 
was computed from the soundings and velocity measurements made 
at the gauging section. The method of computing the discharge 
was as follows: The mean velocity in the vertical at each velocity 
measuring point was obtained by taking one-sixth of the sum of the 
velocity at the surface, four times the velocity at mid depth, and the 
velocity at the bottom, or by taking the mean of the velocities 
obtained at 0.2 and 0.8 depths. The mean velocity for each section 
between the verticals was taken as the average of the mean velocities 

for the verticals on either side of the section, and the discharge for 
each section was obtained by multiplying the mean velocity for the 
section by the area of the section. The total discharge of the stream 
was obtained by taking the sum of the discharges for all sections 

across the stream. 
The cross-sectional measurements were platted on cross-section 

paper, on a scale of 5 or 10 feet to the inch, depending upon the size 
of the channel. The areas and wetted perimeters for each cross section 
were obtained by means of a planimeter and map measurer. The 
mean cross-sectional area, which was used in determining the mean 
velocity for the course, was obtained by taking the average of all the 
cross-sectional areas along the course. 

For some of the channels the mean hydraulic radius for the course 
was obtained by taking the average of all the hydraulic radii as com- 
puted for each cross section; for others it was obtained by dividing 
the mean cross-sectional area by the average of all the wetted per. 
imeters as determined for each cross section along the course. There 
was no appreciable difference in the results obtained by the use of the 
two methods unless the channel was subject to large variations in 
eross section, in which case the first method was used. 

On all of the channels the slope of the water surface was practically 
uniform from the upper to the lower ends of the slope courses, and 
the differences in the velocities at the upper and lower ends of the 
courses were so small that the application of a correction for the differ- 
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ence in velocity heads was found to be unnecessary, so far as the 

practical value of the results was concerned. 
Tn calculating values of n, the values of V, 2, and S were first deter- | 

mined as explained in the foregoing, C was then computed by Chezy’s 
iormuia, and with C, R, and S known, the value of n was obtained 
from a large-scale diagram similar to, but larger than, the one bound 

i 
i 

in the treatise, ‘‘The Flow of Water in Rivers and Other Channels,”’ 

by Ganguillet and Kutter, as translated by Hering and Trautwine. 

TARULATED RESULTS. 

In Tables 1 to 6 are given the hydraulic elements and values of © 
and n for the six different sets of experiments. In the third column 

is shown the average of the maximum depths as measured at each of 
the cross sections. At the foot of this column is shown the average 
maximum depth for a bankful stage of each channel, which enables 
the reader to estimate about what proportion of the channel is filled 
for each measurement. In the fourth column is given the average 
surface width along the slope course at the time of each measurement. 
With these two dimensions, the average cross-sectional area given 
in column 6, and the accompanying cross-sectional figures for 
each channel, a good idea can be obtained as to the shape and size of 
the channei. The headings at the tops of the other columns in the 
tables are self-explanatory. On most of the channels values of n 
were determined for several stages ranging from low to high. 
eee is called to the specially interesting features of some of the 

experiments. For instance, vaiues of nm for Old Town Creek, Table 
1, were obtained before and after clearing, in order to show the effect 

ay upon n as produced by the al of growth in the channel. 
On the Suiten Forked Deer River at Campbell’s levee, near Jackson, 
enn., experiments were conducted to determine the relative values 

of n for three consecutive courses of oy nnel; the first, an old str ‘aight 

course of the river channel; the second, an old crooked course of the 
river channel; and the third, a course of an irregularly dredged channel. 
The resuits which are given in dite 3, show a remarkable difference 
in the values of 7 obtained for coe three different conditions of channel, 

In the results of the [owa experiments (Table 4) attention is called 

to the unusually low values of 2 obt tai tniad for earth channels. These 
low values, which were obtained for Boyer River and Allen and Wil- 
low Creeks, were due, no doubt, to the smoothing up of irregularities 
by silting and to the hubheetine effect of silty mud deposited on the 
- ttom and side slopes of the channels. The increase in the value of 
2, due to a caving bank covered with a eae growth, is shown Le the 
oe eriments made on the Little Sioux River cut-off channel before 
and after the caving took place. 
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The increase in the value cf n, due to the growth of grass in channels, 
is shown by the results of ao experiments made in North Siigine 
(Table 5). These experiments were made during the winter and the 

following summer, before and after the growth of grass in the channels. 

. DESCRIPTION GF CHANNELS. 

At the right-hand side of each of the Tables 1 to 6 is given a complete 
description of the drainage channel. These detailed descriptions, 
supplemented by the views of the channels shown in the plates, are 
intended to assist the engineer in the proper choice of n for his partic- 
ularuse. Under the description of channels are included the factors 
or conditicns that influence the fiow of water in a channel. These 
factors are described under the following headings: Course, cross 
section, side slopes, bottom, soil, and condition. Also the approxi- 
mate date when the channel was constructed is given, from which can 
be determined the age of the channel at the time the experimenis 
were made. 

COURSE. 

The length and alignment of the course of channel are discussed 
under this heading. Where the length of the course is unduly short, 
the probability of error in the slope measurements is somewhat 
greater than where it is comparatively long. It was impossible in 
many instances, other governing factors being duly considered, 
follow the general rule adopted, namely, that the length of the slope 
course should be at least 10 times the top width of the channel. 
With the exception of two courses of channels, the alignment of 
the slope courses was practically straight. These ex ‘ceptions consisted 
of a bend in the Sugar Creek channel and of several irregular crocks 
in the old river channel at Campbell’s levee, near ee Tenn. 
(Table 3). 

CROSS SECTION. 

Under this heading variations in the shape of the cross section 
along the courses are noted, and the reader is referred to figures 2, 4, 
6, 8, 10, and 12, which show the per cent variation from the average 
Gee eeonal area for ali cross sections along the slope courses. In 
most cases this per cent variation is shown for low, medium, and 
high stages. From these figures an idea can be obtained as to the 
progressive changes in size of the channel along the courses and 
whether these changes are gradual or abrupt. For instance, in figure 
2 A,it is seen that the per cent variations are much larger and the 
changes in size ci the channel along the course are much more 
abrupt for the low than for the high stage, which accounts largely 
for the higher values of n obtained for the low stages as recorded in 
Table 1. 
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It was found that abrupt changes in the size of a channel that are 
repeated at short intervals are often alone responsible for the high 
values of n obtained. * 

Figures i, 3, 5, 7, 9, and 11 show the average cross sections for all 

of the channels. From these a general idea can be obtained as to 
the size and shape of the various channels. 

SIDE SLOPES AND BOTTCM. 

Irregularities In the perimeter of the channel! are discussed under 
the two headings, side slopes and bottom, for the reason that the 

bottom alone is often the chief retarding factor during low stages. 
Trregularities in the perimeters of channels have a very decided effect 
upon the value of n. For instance, irregularities in the side slopes 
of the South Forked Deer River near Jackson, Tenn., were largely 
responsible for the higher values of n cbtained for this course than 
were obtained for the same channel near Roberts, Tenn., where the 
side slopes were much more regular (Table 3). The irregularities 
in the channel at Jackson were due to rough finishing work with the 
dredge at the time of construction. To smoothness of perimeter 
may be attributed in part the low values of n obtained for the 
Allen and Willow Creek channels in western Iowa (Table 4). 

SOIL. 

Under this heading descriptions of the different types of soils found 
im the various channels are given. However, no noticeable difference . 
in the retarding effect of the different soils was detected. All of the 
soils are of an alluvial nature, the bottoms through which the ditches 
were dug having been built up by deposits of silt brought down from 
the hills during heavy rains. 

CONDITION. 

An effort has been made to describe accurately the condition of the 
channels at the time the measurements were made. Mention is made 
of all sorts of growth, obstructions, and débris—factors whieh are in 
many instances responsible for the high values of n obtained. The 
pronounced effect of vegetation, such as grass, in a channel is clearly 
shown by the experiments made on three of the channels in North 
Carolina (Table 5), cf the effect of small growth, such as weeds, 

bushes, and saplings by the experiments on Old Town Creek (Table 
1), and of the effect of large obstructions, such as logs, fallen trees, 
and débris by the experiments on the South Forked Deer River at 
Campbell’s levee, near Jackson, Tenn. (Table 3). Whether or not 
much erosion has taken place in the channel is also mentioned under 
this heading. 



Bul. 832, U. S. Dept. of Agriculture. PEATE aI: 

B. P. R.—D2627, 

Fic. I.—TYPICAL SUSPENSION FOOTBRIDGE GAGING STATION, MUD CREEK, 
LEE COUNTY, Miss. 

FIG. 2.-CABLE GAGING STATION ON THE BOGUE PHALIA CHANNEL, 
Miss. 

B. P. R.—D74 

NEAR HELM, 

—— 



PLATE II. Bul. 832, U. S. Dept. of Agriculture. 

B. P. R-D2517 

DREDGED CHANNEL, NEAR Fic. I.—SLOPE COURSE OF OLD TOWN CREEK 
TUPELO, Miss. BEFORE CLEARING, 1913. (SEE TABLE No. I.) 

B. P. R.—D2516 

Fic. 2.-SAME VIEW AS ABOVE, AFTER CLEARING, I91/4. 
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WHEN CONSTRUCTED. 

The age of the channel at the time the experiments were made may 
be obtained by referring to this heading and to column 2; the former 
shows approximately when the channel was constructed and the latter 
the date when the experiments were made. The time elapsed since 
the construction of a dredged channel is to some extent a measure of 
the condition of the channel as regards growth and other obstructions 
to flow, except where the channel has been carefully maintained. It 
is also a measure of the probable extent of erosion or silting that has 
occurred in the channel since construction. The growth of vegeta- 
tion in a channel checks erosion and promotes silting, but on the 
other hand active erosion in a channel checks and often entirely pre- 
vents the growth of vegetation. 
Low values of n are generally found for properly finished, newly 

dredged channels of uniform cross section, as was the case for Mud 
Creek (Table 1) and South Forked Deer River, near Robc-:ts, Tenn. 
(Table 3). The effect of erosion on such a channel is to make it more 
irregular and thereby to increase the value of n. However, after a 
certain amount of erosion has taken place it does not necessarily fol- 
low that further erosion will tend to increase the irregularity of the 
channel, as may be seen from the results obtained for the North 
Forked Deer River near Trenton, Tenn. (Table 3). 

ACCURACY OF RESULTS. 

With few exceptions there are no reasons to suspect accuracies 
in the result of these experiments. The gauging sections and slope 
courses were so selected as to remove as far as possible the probability 
of large errors in the field measurements. In some instances, which 
will be mentioned under the separate discussion of each channel, fa- 
vorable sites for gauging stations and slope courses were not obtained. 
Where no mention is made as to the reliability of the results, it may 
be inferred that the results obtained are entirely reliable. Compara- 
tively speaking, the most accurate results were obtained for the high 
stages in the various channels, since there was a greater probability 
of error in the gaugings and cross-sectional measurements for the lower 
stages. 

DESCRIPTION OF EXPERIMENTS. 

A description of the six sets of experiments and a discussion of the 
results obtained are given in the following pages. 

EXPERIMENTS IN LEE COUNTY, MISS. 

Experiments were conducted on five dredged channels in Lee 
County, Miss., namely: Old Town Creek, Mud Creek, Twenty Mile 
Creek, Connewah Creek, and Chawappah Creeks (see Table 1). 

146908°—20—Bull. 832——2 
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OLD TOWN CREEK, 

Measurements were made on this channel early in 1913 and in 1914. 
A straight course of 1,224 feet below the steel highway bridge, one- 
half mile east of Tupelo, Miss., was selected for making the measure- 
ments. The discharge measurements for 1913 were made from the 
highway bridge and those for 1914 from a suspension footbridge 
constructed near the upper end of the course. The latter gaging 
section was much more desirable for accurate measurements than the 
former one. 

An experiment for determining the effect upon the flow in the 
channel, due to the clearing of brush and other resistances to flow, 
was conducted on Old Town Creek. No clearing was done for the 
measurements during 1913. One side slope of the channel and part 
of the- bottom were practically covered with small saplings, brush, 
and cane, and were quite irregular. The other side slope was com- 
paratively smooth and uniform. For the measurements during 1914 
all brush, logs, and other obstructions were cleared from the course 
of the channel and for 500 feet above the upper end and for the same 
distance below the lower end of the slope course, so that a comparison 
could be made as to the relative values of n before and after clearing. 
‘The slope of the left bank was quite regular while that of the righ 
bank was extremely irregular, a condition due to the growth of brush 
causing the bank to erode unevenly. The soil in the bottom and sides 
of the ditch was quite hard. The views shown in Plate II give a good 
idea of the conditions existing in the channel before and after clearing. 
(See also fig. 1 A, for average cross section of the channel.) 

In Table 1, measurements 1 to 21, are given the values obtained for 
n, together with the various observed hydraulic elements. It is 
obvious, from the values of m obtained before and after clearing, that 
the efficiency of a channel is greatly decreased by permitting the 
growth of vegetation in it. 

During low water the uniform fall of the surface of the water 
was interrupted by irregularities in the bottom and sides of the chan- 
nel. For such conditions the hydraulic grade throughout the section 
consisted of a series of comparatively steep slopes followed by flatter 
ones, due to the depth of water being so small that the irregularities 
in the channel gave rise to quite appreciable variations in area of 
cross section from point to point, thus causing variations in velocity 
and in the hydraulic grade (see fig. 2A). Asa result the values of n 
obtained for low water conditions are high. The total loss of head 
throughout the course under such conditions is the sum of the loss 
due to the roughness of the wetted perimeter and the quite appreciable 
losses in shock and eddies that occur where the hydraulic gradient 
changes from a steeper to a flatter slope and where the cross section 
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Fig. 1.—Average cross sections of channels for experiments in Lee County, Miss. 
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Distance along Slope Course in feet 

A 
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Fic. 2.—Graphs for experiments in Lee County, Miss., showing per cent variation from average crciss- 

sectional area, for all cross sections along slope courses, 
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of flow changes. For low water conditions the loss in shock and eddies 
is quite appreciable, and as the values of n were obtained by directly 
measuring this total loss of head throughout the course these values 
would be necessarily large. The table shows that for such conditions 
the value of n decreases as the depth increases. ‘This would be ex- 
pected, for as the depth increases the second factor mentioned above 
becomes comparatively smaller, and the total loss of head thus be- 
comes to a greater extent due to roughness of wetted perimeter and 
to a less extent due to the influence of eddies and shock. 

In measurement No. 9, Table 1, forn=0.0475 the discharge is 60 
second-feet; that for n=0.030,’ and the same hydraulic elements, is 

96 second-feet. ooo 100=60 per cent. That is, the capacity 

of the lower part of the channel for low water could be increased 60 
per cent by eliminating irregularities in the bottom slope and abrupt 
changes in cross section. As will be seen later, the bottom slope and 
cross section of Mud Creek are practically free from irregularities, 
and the values of n do not vary much from low to high-water flow. 

MUD CREEK. 

Measurements were made on this channel during the early part of 
the year 1914. For the slope measurements a straight course 1,194 
feet long was selected above the highway bridge about 1 mile east of 
Tupelo. A suspension footbridge was constructed at a site where 
conditions were ideal for making accurate current meter measure- 
ments. 

A good idea of the condition and regularity of the channel can be 
obtained from Plate III, figure 1. Although in the same valley, the 
soil is decidedly different from that found in Old Town Creek. This 
part of the bottom land is made up of sediment.carried from the east- 
ern part of the Mud Creek watershed, where the soil contains consider- 
able sand. The soil in the channel is a sandy, waxlike clay that 
erodes very easily. This was a comparatively new channel at the 
time of these experiments, the ditch having been finished in January, 
1913; and, although it had eroded to some extent, it had retained its 
original uniform slope and comparatively uniform cross-sectional 
area (see figs. 1 B, and 2 B). 

In Table 1, measurements 22 to 34, are shown the various hydraulic 
elements of Mud Creek as computed irom field measurements, and 
the values of n obtained. That for all stages of Mud Creek is about 
0.025, while that obtained for the higher stages in Old Town Creek, 
after clearing, is about 0.030. The lower value of n as obtained for 
Mud Creek can readily be ascribed to the facts that this is a more 

1 See measurements 22-26, Table 1. 
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recently constructed channel and that the bottom slope and cross- 
sectional area are more uniform throughout the course than for Old 

Town Creek. 
TWENTY-MILE CREEK. 

The slope course on Twenty-Mile Creek was rather short, being 324 
feet in length, and was located below the highway bridge 1 mile east 
of Baldwyn, Miss. (see Pl. III, fig. 2; and figs. 1 C, and 2 C). The 
lower part of the channel was quite smooth and regular, but the upper 
part and edge of bank were irregular. The channel is eroding rapidly, 
and many stumps along the banks have been undermined and fallen 
into the channel. Table 1 shows the hydraulic elements and the 
values of n obtained for Twenty-Mile Creek. The value of n increases 
as the stage increases, due no doubt to the irregularities in the wetted 
perimeter for the higher stages. The soil in the channel is a waxy 
clay loam, and in some parts of the channel contains considerable 
sand, 

CHAWAPPAH CREEK. 

Slope measurements for Chawappah Creek were made on a rather 
short course (320 feet long) between the highway and railroad bridge, 
one-half mile south of Shannon, Miss. The gauging section was located 
at the highway bridge. The view of Chawappah Creek for low water 
(Pl. IV, fig. 1), shows very well the condition of the channel. The 
soil varies from a sandy loam to a waxy clay, and the sides and’bottom 
were quite hard. The channel is eroding very rapidly, which is 
partly the cause of the turbulent water surface and the resulting 
comparatively high values of n. The average value obtained for n 
was about 0.035 (see figs. 1 D, and 2 D). 

COONEWAH CREEK. 

Only one observation for slope was made on Coonewah Creek. 
The value computed for n was 0.0430. Plate IV, figure 2, shows the 
course on which the slope was measured and the condition of the chan- 
nel. ‘The soil is quite similar to that found on Chawappah Creek, 
but erosion has not been as active as on the latter (see figs. 1 EF, and 
2H), 

DISCUSSION OF LEE COUNTY EXPERIMENTS. 

Of the experiments made in Lee County, Miss., the results obtained 
from those on Old Town and Mud Creeks are the most reliable. It 
appears that for conditions of flow the value of n for channels similar 
to Mud Creek is 0.025, which means that the bottom and sides should 
be fairly regular and ae from any form of obstruction to flow, and 
the slope and cross-sectional area practically uniform. ‘These con- 
ditions generally obtain only in new ditches, and it would therefore 
not be wise to use a coefficient as low as 0.025 in the design of chan- 

nels, since the efficiency of a channel generally decreases with age, as 



Bul. 832, U. S. Dept. of Agriculture. PLATE III. 

B. P. R.—DI645 

Fic. J.-SLOPE CouRSE OF Mup CREEK DREDGED CHANNEL, NEAR TUPELO, MISS., 
1913. (SEE TABLE No. }.) 

: i. 

: 

B. P. R.—DI650 

Fig. 2.—SLOPE COURSE OF TWENTY MILE CREEK DREDGED CHANNEL, NEAR 
BALDWYN, Miss., 1913. (SEE TABLE No. |.) 



Bul. 832, U. S. Dept. of Agriculture. PLATE IV. 

B. P. R.—DI638 

Fic. |.—SLOPE COURSE OF CHAWAPPAH CREEK DREDGED CHANNEL, NEAR 
: SHANNON, Miss., 1913. (SEE TABLE No. I.) 

i 

| 

B. P. R.—DI634 

COURSE OF COONEWAH CREEK DREDGED CHANNEL, NEAR 
SHANNON, Miss., 1913. (SEE TABLE No. I.) 

i Fig: 2.—SLOPE 



Bul. 832, U. S. Dept. of Agriculture. PLATE V. 

B. P, R.—D481 

Fic. |.—SLOPE COURSE OF BOGUE PHALIA DREDGED CHANNEL, NEAR HELM, 
Miss., 1915. (SEE TABLE No. 2.) 

B. P. R.—D3066 

Fic. 2.-SLOPE COURSE OF BOGUE HASTY DREDGED CHANNEL, NEAR SHAW, 
Miss., 1915. (SEE TABLE No. 2.) 



Bul, 832, U. S. Dept. of Agriculture. PLATE VI. 

B. P. R.—D409 

Fic. 1.—SLOPE COURSE OF PECAN BAYOU DREDGED CHANNEL, NEAR SHAW, 
Miss., 1915. (SEE TABLE No. 2.) 

i B. P. R.—D412 

Fic. 2.-SLOPE COURSE OF WEST BoGUE Hasty DREDGED CHANNEL, NEAR 
SHAW, Miss., 1915. (SEE TABLE No. 2.) 
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is shown by the experiments on Old Town Creek. It is believed that 
if the ditches are kept in good order the value of n can be maintained 

at approximately 0.030 for this section of country. If this value of 

n is to be maintained systematic maintenance work from the time 

the ditch is first constructed ts necessary. 

EXPERIMENTS IN BOLIVAR COUNTY, MISS. 

The experiments in Bolivar County, Miss., were made on the fol- 
lowing streams: Bogue Phalia, Bogue Hasty, Pecan Bayou, West 
Bogue Hasty, and East Bogue Hasty. 

BOGUE PHALIA. 

The conditions for the accurate discharge and slope measurements 
on this channel were ideal. A straight course of practically uniform 
cross section was selected for slope measurements, about half a mile 
above the Yazoo & Mississippi Valley Railroad bridge, 2 miles from 
Helm. 'Thelength of the course was 1,003 feet. The gauging station 
was located near the lower end of the course, and the velocity meas- 
urements were made from a movable car suspended from a steel cable 
which was stretched across the stream at right angles to the direction 
of flow and supported by upright poles on either bank (Plate I, fig. 2). 

The left side slope cf Bogue Phalia, along the course, was quite 
regular while the right side was subject to caving and was only fairly ~ 
regular. The channel was very smooth for low stages and of uniform 
section for all stages (fig. 4 A). Very little vegetation of any sort 
was found in the channel (Plate V, fig. 1; and fig. 3 A). The soil in 
the lower part of the channel is sandy. The soil in the upper part is 
a clay loam of close texture and is quite susceptible to caving, 
particularly when wet. 

The slope was indeed an extremely variable quantity. No two 
measurements of slope were found to be the same, due to the back- 
water conditions. The greatest slope was found for the lowest stage, 
and the others varied according to the effect of backwater at the time 
that measurements were made. 
The principal hydraulic elements of the channel and the values of 

C and n obtained therefrom are shown in Table 2. Little variation 
was found in the values of C, and the values of n were found to vary 
from 0.0223 for the lowest stage to 0.0313 for the next to the highest 
stage. As would be expected, the values of n were found to be low 
-for the lower stages, where the channel was quite smooth and uniform 
in section, and higher for the higher stages, where a greater resistance 
was offered to flow, by the rougher and more irregular sides of the 
channel. On the whole, it can be said that this channel was in excel- 
lent shape, a fact which is substantiated by the comparatively low 
values of n obtained. 

146908°—20—Bull. 832 2 
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Fig. 4.—Graphs for experiments in Bolivar County, Miss., showing per cent variation from average cross- 
sectional area for all cross sections along slope courses. 
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BOGUE HASTY. 

The course used for slope measurements on Bogue Hasty was 1,039 
feet long. It was straight and fairly uniform (fig. 4 B) and no water 
through drain tile or surface ditches entered the channel along the 
course. I[t was located just above the highway bridge about 3 miles 
west of Shaw. The lower end of the course was above a slight bend in 
the channel and about 500 feet above the bridge. The gauging sta- 
tion, which consisted of a suspension footbridge (75-foot span), was 
placed near the lower end of the course. The conditions for both 
slope and discharge measurements were very good. 

This channel was found not to be in as good condition as that of 
Bogue Phalia. The right side slope was very irregular and was caving 
badly. The upper part was covered with weeds and small tree 
sprouts. The left side slope was very regular and practically free 
from vegetation. (Plate V, fig. 2.) The soil in the upper part of the 
channel is a dark silty loam and im the lower part a light-yellow clay. 
Tt is sticky when wet and cracks and crumbles when dry (Gee fig. 3 
B for average cross section of channel). 

Table No. 2 shows the hydraulic elements and the values of n 
obtained from these experiments. The value of n (0.0382) for 

extreme low stage is the highest obtained for this ditch, and is probably 
due to the irregularities in the bed of the channel. The values of n 
obtained for measurements 11 to 14, inclusive, are applicable to the 
lower half of the channel, and they agree quite closely with those 
obtained for Bogue Phalia at bankful stage, the conditions of smooth- 
ness and regularity of this part of the channel being very similar 
to the conditions of the Bogue Phalia channel. The values of n 
obtained for the higher stages of the channel are considerably higher 
than for the lower stages. The very irregular and caving right 
bank would lead one to expect a larger roughness coefficient for 
bankful stage than for the lower half. 

PECAN BAYOU. 

A course 665 feet long was used for slope measurements on Pecan 
Bayou, located about 600 feet above the highway bridge, 5 miles 
directly south from Skene and about 3 miles from Shaw. The 
cross section of the channel at this place was quite uniform (fig. 4 C), 
and no surface water entered along the course, which was situated 
between two bends in the channel. A suspension footbridge for 
gauging purposes was placed near the lower end of the course. 

Conditions on Pecan Bayou were similar to those described below 
for West Bogue Hasty. Much water was impounded along the course 
during periods of no flow. It appears that material was deposited in 
the channel below to impound water for the purpose of fishing. The 
side slopes of the channel were very regular. Some weeds were found 
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in the channel, but not nearly as many as in the channel of East 
Bogue Hasty (Plate VI, fig. 1; and fig.3 C). The soil is a dark- 
colored clay, which cracks and crumbles when dry. The slope of the 
water surface was found to be exceedingly small, much less than the 
grades designated in the original design of the channel. This was 
due, no doubt, to the amount of sediment deposited in the channel 
below the course. The values of n obta:ned are shown in Table 2. 

WEST BOGUE HASTY. 

For slope measurements on this channel a straight course 757 
feet long, of quite uniform cross section at bankiul stage (fig. 4 D), 
was selected, located north of the highway bridge, about 1 mile east 
of Litton and about 6 miles from Shaw. At the lower end of the 
course, stakes for slope measurements were located about 50 feet above 
the entrance of a lateral surface ditch. The gaugings for discharge 
were made irom a suspension footbridge built about in the middle of 
the course. 

The collection of drift by the bridge below the course and ‘sedi- 
mentary deposits as a result of the drift and the entrance of a lateral 
ditch just above the bridge rendered this course rather unsuitable 
for accurate determinations of the value of n. During periods of 
no flow a pond of stagnant water extended nearly the whole length 
of the course, this beg due to the sediment deposited near the 
bridge. The side slopes and bed of the channel were quite regular. 
Some weeds were found on the side slopes (Plate VI, fig. 2). The 

soil is similar to that found in the channel of Bogue Hasty (see fig. 
3 D for average cross section). The results of the experiments on 

this ditch are shown in Table 2. 

EAST BOGUE HASTY. 

The course for slope measurements on East Bogue Hasty was 
established above the highway bridge, about 2 miles east of Litton 
and about 5 miles from Shaw. A stretch of 502 feet was selected, 
its upper end being just below a curve in the channel and the lower 
end just above the bridge and the entrance of a lateral ditch. The 
discharge measurements were made from a suspension footbridge 
about midway of the course. This course was rather short for accu- 
rate determinations of slope but was the straightest stretch of com- 
paratively uniform section (fig. 4 #) that could be found near the 
lower end of the channel. 

The side slopes, and in some places the bed of the channel, were 
covered with weeds and weed stubble, and the side slopes were 
slightly irregular (Plate VII, fig. 1). Practically no caving took 
place along the course, which fact was due, no doubt, to the vege- 

tation covering the banks. The soil is quite similar to that in the 
channel of Pecan Bayou. 
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The values obtained for » are shown in Table 2, and, as would be 
expected from the condition of the channel, are even higher than those 
found for a bankful stage cf Bogue Hasty. Some trouble was ex- 
perienced durmg the measurements, due to drift collected at the 
bridge, and this may be in part responsible for the rather high values 
obtained for n. (See fig. 3 H for average cross section.) 

DISCUSSION OF BOLIVAR COUNTY EXPERIMENTS. 

From the foregoing description of the results obtained and the 
conditions existing in each of the canals it is apparent that the most 
dependable data were obtamed for the Bogue Phalia and Bogue 
Hasty channels. These results show that a value of of about 
0.030, or slightly larger, applies to channels similar to the whole 
channel of Bogue Phalia. : 

The values obtained for the whole channel of Bogue Hasty, Pecan 
Bayou, and East and West Bogue Hasty demonstrate the effect of 
the conditions described upon the value of n. These values can be 
used as a guide in the design of drainage channels where like condi- 
tions can reasonably be expected to exist, due to the lack of mainte- 
nance of the channels or to the caving in of the banks. These data 
ought also to serve a useful purpose in estimating the discharge of 
old channels where like conditions prevail. 

EXPERIMENTS IN WESTERN TENNESSEE. 

These experiments were conducted during the years 1916 and 1917. 
Values of n were obtamed for six different courses of the channel of | 
the South Forked Deer River and for courses of the channels of the 
North Forked Deer River, Huggins Creek, Sugar Creek, and Cypress 
Creek. The author was assisted in these experiments by H. S. 
Andrews and A. L. Lane, junior dramage engineers of the bureau. 

SOUTH FORKED DEER RIVER NEAR ROBERTS. 

Gaugings of this channel were made from a single-span highway 
bridge about 1 mile south of Roberts. The slope course was 1,412 
feet long, and was located just above the gauging station. The channel 
increased gradually in size from the upper to the lower end of the 
course, there being no abrupt changes in size or shape along the 
course (figs.5 A, and6 A). ‘There was no vegetation nor any marked 
irregularities in the channel (Plate VU, fig. 2). Considerable erosion 
had taken place in this channel to which was largely due, no doubt, 
the remarkably few irregularities and the freedom from vegetation. 
As shown in Table 3, lower values of n were obtained for this channel 
than for any of the other channels in Tennessee. 



Bul. 832, U. S. Dept. of Agriculture. PLATE VII. 

B. P. R.—D410 

Fic. I1.-SLOPE COURSE OF EAST BOGUE HASTY DREDGED CHANNEL, NEAR 
SHAW, MIss., 1915. (SEE TABLE No. 2.) 

B. P. R.—D1I225 

Fia. 2.—SLOPE. COURSE OF SOUTH FORKED DEER RIVER DREDGED CHANNEL, 
NEAR ROBERTS, TENN., 1916. (SEE TABLE NO. 8.) 



Bul. 832, U. S. Dept. of Agriculture. PLATE VIII. 

B. P. R.—DI287 

Fic. I.—SLOPE COURSE OF SOUTH FORKED DEER RIVER DREDGED CHANNEL 
AT BOLIVAR LEVEE ROAD, NEAR JACKSON, TENN., I917. (SEE TABLE No. 3.) 

B. P. R.—D1381 

; Fig. 2.-SLOPE COURSE OF SOUTH FORKED DEER RIVER DREDGED CHANNEL, 
NEAR HENDERSON, TENN., 1916. (SEE TABLE NO. 3.) 
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SOUTH FORKED DEER RIVER NEAR JACKSON. 

- Discharge measurements of this channel were made from a single- 
span skew highway bridge on the Bolivar levee road about one-half 
mile from Jackson. The upper end of the slope course was located 
about 75 feet below the bridge and extended downstream 952 feet 
in a straight course. The cross-sectional area was fairly uniform for 
high stages, but for low stages several abrupt changes in size occurred 
(figs. 5B,and6B). The effect of roughness and irregularities in the 
lower portion of the channel upon the value of n is revealed in the 
results obtained (Table 3). Although the channel was free from 

vegetation and obstructions, yet the values of n obtained are con- 
siderably higher than those obtained for the channel at Roberts. 
The irregularities in the channel were left at the time of construction, 
the bottoms and sides having never been smoothed up properly 
(see Plate VIII, fig. 1). 

SOUTH FORKED DEER RIVER NEAR HENDERSON. 

The gauging station was located on the single-span highway bridge 
about 14 miles east of Henderson, Tenn. A straight course 624 feet 
in length, below the gauging station, was selected for slope measure- 
ments. xperiments were made on this channel during both 1916 
and 1917, and there was very little difference in the channel for the 
two sets of experiments or in the values of n obtained for the corre- 
sponding stages (Table 3). It is believed that the results obtained 
are quite accurate. The channel as a whole was in very good con- 
dition. The side slopes were slightly irregular, the bottom was 
fairly even except for a few depressions, and there was practically 
no vegetation in the channel (see Plate VIII, fig. 2; and figs. 5 C, 
6 C, and 6 D). 

NORTH FORKED DEER RIVER NEAR TRENTON. 

A single-span skew bridge on the Huntingdon levee road about 
one-half mile from Trenton was used as a gauging station. The slope 
course was straight and extended upstream from near the bridge for 
a distance of 699 feet. The variations in the cross-sectional area 
were quite large, but there were no abrupt changes in section for the 
higher stages. Owing to the fact that the size of the channel 
increased gradually from the upper to the lower end of the course, 
it is not believed that the differences in the area of the cross section 
had any appreciable effect upon the value of n for the course (see 
figs. 5 D,6 E,and6 Ff). There were practically no vegetation or 
other obstructions in the channel (Plate IX, fig. 1). 

Referring to measurements 28 and 37 in Table 3, it is seen that the 
values of n obtained for the highest stages during 1916 and 1917 
were 0.0271 and 0.0267, respectively. The increase in size of the 
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A : 

as a SOUTH FORKED DEER RIVER 
fStance Belong aa urse in feet AA near Roberts, Tenn. 

pe 
elf ea 

Ra aS oe es 6 rl = + 

ee a | ieee Cc ema 

Average Maximum Depth 

a es es eet 

B 
SOUTH FORKED DEER RIVER 

near Jackson, Tenn. 

C 
SOUTH FORKED DEER RIVER 

near Henderson, !9!6 
§ 
S 3 32 aie: 
8 a 
3 
Ss 
& S,. 
a 

F' D 
SOUTH FORKED DEER RIVER 

near Henderson, 1917 

E 
NORTH FORKED DEER RIVER 

near Trenton, I916 Per cent Variation trom Avera 

F 
NORTH FORKED DEER RIVER 

near Trenton, 19!7 

BOM, 1910 

Fic. 6.—Graphs for experiments in western Tennessee, showing per cent variation 



Bul. 832, U. S. Dept. of Agriculture. PLATE IX. 

B. P. R.—D272 

Fic. |.—SLOPE CouURSE OF NORTH FORKED DEER RIVER DREDGED CHANNEL, 
NEAR TRENTON, TENN., 1916. (SEE TABLE NO. 3.) 

B. P. R.—DI797 

Fic. 2.—SLOPE COURSE OF HUGGINS CREEK DREDGED CHANNEL, NEAR FINGER, 
TENN., I917. (SEE TABLE No. 8.) 



Bul. 832, U. S. Dept. of Agriculture. PLATE X. 

B. P. R.—D1376 
@ 

FIG. |.—SLOPE COURSE OF SUGAR CREEK DREDGED CHANNEL, NEAR HENDERSON, 
TENN., 1917. (SEE TABLE NO. 8.) 

B. P. R.—D1I332 

FIG. 2.-SLOPE COURSE OF CYPRESS CREEK DREDGED CHANNEL, NEAR BETHEL 
SPRINGS, TENN., 1917. (SEE TABLE No. 3.) 



Bul. 832, U. S. Dept. of Agriculture. PLATE XI. 

B. er. K.—0269 

Fic. |.-SLoPE CouRSE OF SOUTH FORKED DEER RIVER DREDGED CHANNEL 
AT CAMPBELL’S LEVEE, NEAR JACKSON, TENN., 1916. (SEE TABLE NO. 3.) 

B. P. R.—D710 

Fic. 2.-SLOPE COURSE OF SOUTH FORKED DEER RIVER (OLD STRAIGHT RIVER 
eee! AT CAMPBELL’S LEVEE, NEAR JACKSON, TENN., 1916. (SEE TABLE 

oO. 3. 



Bul. 232, U. S. Dept. of Agriculture. PLATE XII. 

i 

1 j 

4 
: 

{ 

B. Pe R.—D271 

Fic. |.-SLOPE CoURSE OF SOUTH FORKED DEER RIVER (OLD CROOKED RIVER 
CHANNEL) AT CAMPBELL’S LEVEE, NEAR JACKSON, TENN., 1916. (SEE TABLE 
No. 3.) 

B. P. R.—DI202 

Fig. 2.—SLOPE COURSE OF ALLEN CREEK DREDGED CHANNEL, NEAR MISSOURI 
VALLEY, IOWA, I9I17. (SEE TABLE No. 4.) 



Bul. 832, U. S. Dept. of Agriculture. PLATE AIII. 

B. P. R.—D1203 

Fic. |.—SLOPE COURSE OF WILLOW CREEK DREDGED CHANNEL, NEAR Missouri 
VALLEY, IOWA, I9I7. (SEE TABLE NO. 4.) 

B. P. R.—D1200 

Fic. 2.-SLOPE COURSE OF BOYER RIVER DREDGED CHANNEL, NEAR MissouR! 

VALLEY, IOWA, 1917. (SEE TABLE No. 4.) 



Bul. 832, U. S. Dept. of Agriculture. PLATE XIV. 

B. P. R.—Di284 

Fic. |1.-SLOPE COURSE OF PIGEON CREEK DREDGED CHANNEL, NEAR CRESCENT, 
IOWA, 1917. (SEE TABLE No. 4.) 

B. P. R.—02420 

FIG. 2.—SLOPE COURSE OF MONONA-HARRISON DREDGED CHANNEL, NEAR 
ONAWA. ICWA, 1916. (SEE TABLE NO. 4.) 
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Distance afong S/ope Course in teet 
er) 500 
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Per cent Variation trom Average Cross Section 

G 
HUGGINS CREEK 

[S16 

Average Maximum Depth 

20g eee 
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K 
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L 
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at Campbells Levee 
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from average cross-sectional area for all cross sections along slope courses. 
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channel due to erosion during the interval of time between the above 
Measurements was 23.5 per cent, from which it is seen that the 
erosion of the channel in this particular instance produced practically 
no change in the value of n for the channel. The low values of n for 
the higher stages as compared with the results obtained for the other 
channels may be attributed to the absence of abrupt changes in 
cross section and to the freedom from growth and obstructions in 
the channel. 

HUGGINS CREEK. 

_ The Huggins Creek gauging station was located on the single-span 
highway bridge about 100 yards east of the Mobile & Ohio Railroad, 
near Finger, Tenn. The slope course was straight, extended down- 
stream from the gauging station, and was 914 feet long for the first 
series of experiments and 686 feet long for the second (Plate IX, fig. 2; 
and figs. 5 H, 6 G, and 6 Hf). 

The values obtained at Finger (Table 3, measurements 38 to 50) 

are fairly consistent for all stages and are rather high. This is due 
to the fact that irregularities and growth in the channel are quite 
evenly distributed from top to bottom of the channel and to large 
variations in cross section. This channel is rapidly deteriorating, 
due to caving of the banks and to growth in the channel, which fact 
is indicated by the higher values of n obtained during the second 
period of investigations, 

SUGAR CREEK. 

The gauging station for Sugar Creek was located on a single-span. 
highway bridge a short distance above the Mobile & Ohio Railroad, 
and about one-half mile from Henderson. The slope course was 
located below the bridge and was 669 feet long, the first half of the 
course being straight and the last half a smooth, easy curve. There 
was found to be no appreciable difference in the slope as between 
the curved and straight portions of the slope course. Abrupt changes 
in the size of the channel occurred along the slope course (figs. 5 F, 
and 6 7), and the lower portion of the channel was rough and irregu- 
lar, not having been finished up properiy at the time of construction. 
(See Table 3 for values of n and Plate X, fig. 1, for view of channel.) 

CYPRESS CREEK. 

Gaugings of Cypress Creek were made from the single-span cattle 
bridge about 200 yards above the highway bridge at Bethel Springs, 
Tenn. This bridge was located on the slope course, close to the 
lower end. The slope course was straight and 308 feet in length. 

Values of n for the high stages were not obtained for Cypress 
Creek. The values obtained (see Table 3, measurements 60 to 62) 

are high, as is the case on most of the channels at low stages, and are 
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due to irregularities and vegetation in the channel. it is likely that 
a lower value of n would have been obtamed for a bankful stage. 
(See Plate X, fig. 2; and figs. 5 G, and 6 J.) 

SOUTH FORKED DEER RIVER AT CAMPBELL’S LEVEE ROAD. 

Experiments were conducted on the river channel at the Camp- 
bell’s levee road, near Jackson, to determine the values of n for three 
different. but consecutive courses, viz: Old channel (straight and 
crooked) and new, irregular, dredged channel. The relation of these 
courses as to location and alignment is shown in figure 6X. A 
good comparison for the courses can be made, since the values of n 
for the different courses were computed from the same discharge 
measurements, made from a suspension footbridge at the upper 
end of the old straight course, so that any error in discharge would 
not materially affect the relative values of n. The results obtamed, 
and a detailed description of the three different courses, are given im 

Cable Brian ridge > CAGING Station %0 STRaigyy © : WANE 

Fig. 6x.—Slope course at Campbells. Levee, South Forked Deer River, near Jackson, Tenn. 

Fable No. 3, measurements 63 to 76 (see Plate XI and Plate XH, fig. 1, 
for views of the three courses). The conditions found in the two sec- 

tions of the old channel are typical of those prevailing in channels in 
this seetion of the country. The dredged channel! is more irregular 
im shape of eross section than is the usual dredged channel in this 
part of the country. (For cross sections and variation in size of 
channel along slope courses see figs. 5 7,5 1,5 J,6 K, 6 L, and 6J/) 

in comparing the values of m obtained for the fourth measurement 
im each channel (Table 3, measurements 66, 70, and 75) it is seen 
that the values are 0.0367, 0.0619, and 0.146 for the dredged, old 
straight, and old crooked channels, respectively; also that the slopes 
required for the same discharge is more than three times as much 
for the old straight channel as for the dredged channel, and about 
nine times as much for the old crooked channel. In order to show 
the relative capacities for these three courses of channel, for the 
values of n given above, the following computations were made 
in which the slope, hydraulic radius, and cross-sectional area for 
measurement 66 were used. 
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[Cross-sectional area=315.6 square feet. Hydraulic radius=5.45 feet. Slope=0.0003.] 

: | 4 Mean Dis- Relative 
Channel, | n (8 : pie ; dis- velocity. | charge. charges. 

| 
| Ft. 

per see. | Sec. feet. | Per cent. 
Dred Ped ss esse lt ose cel saie saat tee eee ea 0.0367 56:2 22 (Aibyal 100.6 
WIGIStral ont tc <2 tetas eco ne cate eee ae seeaies.ie es - 0619 34.8 1.40 443.5 62.1 
OMG Crooked we) 228 Se ta ce ee a chino eee wo eee onal . 1460 leat 0.61 192.7 27.0 

Results of the above computations show that for similar cross 
sections and slope the dredged, old straight, and old crooked channels 
would carry 715.1, 443.5, and 192.7 second-feet, respectively, the 
capacity of the old straight channel being only 62.1 per cent of that 
of the dredged, and of the old crooked channel only 27 per cent of the 
dredged. The difference in the capacities of the old straight channel 
and old crooked channel is not due entirely to the curves in the latter, 
since the accumulation of drift, trees, and logs was greater in the 
crooked channel. However, the difference in the condition of the 
two channels may be directly attributed to the presence of the 
curves, since there is a greater tendency for drift and other obstruc- 
tions to accumulate in a crooked than in a straight course of channel. 

DISCUSSION OF WESTERN TENNESSEE EXPERIMENTS. 

The experiments in western Tennessee cover a greater variety of 
eonditions in channels than do any of the other six sets, the values 
of n obtained ranging from 0.024 for the dredged channels near 
Roberts and Trenton to 0.162 for the old crooked river channel near 
Jackson. The results, however, do not justify the use of a coefficient 
as low as the first named above in the design of dredged channels, 
since it is net the rule that a dredged channel maintains its original 
efficiency. It is not believed that a value of 7 less than 0.030 should 
be used for this section of the country, and it will be noted that this 
statement is in agreement with the conclusions deduced for the two 
sets of experiments made in Mississippi. Where it is desired to com- 
pute the capacity of an existing channel, the proper value of n can 
be selected by a comparison of the conditions in the channel with 
the conditions described for the various channels for which n has 
been determined in these experiments. 

EXPERIMENTS IN WESTERN IOWA. 

Experiments in western Jowa were conducted on the following 
streams: Allen Creek, Willow Creek, Pigeon Creek, Boyer River, 
the Monona-Harrison Ditch, and Little Sioux River. 



Bul. 832, U. S. Dept. cf Agriculture. PLATE XV. 

B. P. R.—D2425 

Fic. |.—SLOPE COURSE OF LITTLE SIOUX RIVER CUT-OFF DREDGED CHANNEL, 
NEAR TURIN, IOWA, 1916. (SEE TABLE No. 4.) 

B. P. R.—DI087 

FIG. 2.—SAME VIEW AS ABOVE, I9I7. 



Bul. 832, U. S. Dept. of Agriculture. PLATE XVI. 

B. P. R.—D1931 

Fic. |I.—SLOPE COURSE OF TURKEY BRANCH DREDGED CHANNEL NEAR 
PEMBROKE, N. C., 1915. (SEE TABLE No. 5.) 

B. P. R.—DI866 

Fic. 2.—SLOPE COURSE OF BACK SWAMP DREDGED DITCH, NEAR LUMBERTON, 
N.C., 1915. (SEE TABLE No. 5.) 
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ALLEN CREEK. 

-Gaugings of Allen Creek were made from the first highway bridge 
north of the Chicago & North Western Railroad about 1 mile west 
of Missouri Valley. The upstream end of the course for slope meas- 
urements, which was 794 feet in length, was about 130 feet down- 
stream from the bridge. A view of the slope course is shown in 
Plate XII, figure 2. It is seen from this view and from figure 7 A, 
that the course is straight and that the side slopes oi the channel are 
very smocth and regular and stand at a slope of about 14 to 1. No 
appreciable amount of vegetation can be seen in the channel. This 
stream was enlarged to its present size during the summer of 1916, 
and the measurements for values of n were made about one year 
later. The soil in the channel is a heavy dark loam. The bottom 
of the channel is generally covered with soft mud to a depth of one- 
half to 1 foot, and the side slopes, after high stages in the channel, 
are left covered with a coat of slippery, slimy mud or silt. This coat 
can be seen by an inspection of Plate XII, figure 2. Two values of 
nm were determined for practically bankful stages. These values are 
0.0140 and 0.0142 (Table 4, measurements 1 and 2), which are ex- 
ceedingly low for dredged drainage ditches and may be ascribed 
in part to the excellent condition of the channel and the uniformity 
of eross section (fig. 8 A), but mostly to the actual lining of the entire 

perimeter of the channel with a coating of slimy, slippery mud. 
This coating of mud no doubt greatly decreased the friction between 
the moving water and perimeter of the channel. 

WILLOW CREEK. 

Discharge measurements of the Willow Creek dredged channel 
were made at the Chicago & North Western Railroad bridge near 
Missouri Valley. The slope posts for the upper end of the slope 
course were set about 155 feet below the bridge, the length of the 
course being 1,004 feet. It can be seen from figures 7 B, and 8 B, 
and Plate XII, figure 1, that the slope course is straight and very 
uniform in cross section. The left side slope is much more regular 
and smooth than the right side slope and resembles the slopes of the 
Allen Creek ditch in this respect. Some vegetation can be seen in 
the channel, but it was not present when the gaugings and slope meas- 
urements were made. This channel is comparatively new, having 
been enlarged to its present size during the summer of 1916, and these 
measurements were made and views taken about one year later. The 
soil in the channel is a heavy dark loam, similar to that found in the 
Allen Creek channel. The bottom of the channel was covered with 
from 1 to 14 feet of mud during these experiments, and the coating 
of the perimeter of the channel with slimy mud during high stages 
was practically the same as in Allen Creek. Tn general, the channel 



Z
U
M
 Z
 

aI) R
I
A
N
 

ARCO 
R
A
N
G
A
 
I
C
A
I
 

E
P
A
I
 

U
a
e
 
L
N
 

“3 a 

LTURE. 
r: 
) 

S
a
s
 

a
a
A
l
y
u
 

w
s
a
d
A
0
a
 

a)
 

{ 

— 

vas) 

oS 
WW, 
eushouiewa 

A 
HOW 

2 apie 

a 

U
e
 

K
Z
 

HY 
di IN: 832,°U.-S. DEPARTMENT OF AGRICU BULLET >) SH 



*CMOT 
WI0ISOM 

UT SJUITMIodxo 
IO} S}OUULYO 

JO SUOT}OS 
SSOIO 

OSVIOAW—?) 
“OMT 

41 

WS 

lS > 

NK is 

¥ K 

iz 

: . \S 

q 

QS 
WY 

WS 

fo 
‘ss 

& 

= 
S
y
l
 

S
V
U
 

ANG 
A
A
S
 

ELI 
L
I
A
 
A
E
 

A
A
 
A
N
T
I
 

FAT 
C
A
 
RCOD 

7
1
 

7A 
\\\ 

i 
~ 

t
e
 

B
d
L
a
u
E
 

E
y
,
 

V
A
L
S
 

S
S
)
 

R
e
s
e
r
 

e
e
 

ie 
HDLIG 

NOSIMHYWH 
W
N
O
N
O
W
 

r
e
 

| 
3 

| 

Oo DSA a es 

FLOW OF WATER IN DREDGED DRAINAGE. DITCHES. 



Per cent Variation trom Average Gross Section 

492 BULLETIN 832, U. S. DEPARTMENT OF AGRICULTURE. 

is very similar to that of Allen Creek, and the values of » obtained, 
as given in Table 4, are practically the same as those obtained for 
Allen Creek. 

BOYER RIVER. 

Gaugings of the Boyer River were made at the Lincoln Highway 
bridge about i mile from Missouri Valley ey. The downstream end of 
the slope course was 197 feet above the bridge. The length of the 
slope course was 868 feet. A view of the slope course looking 
upstream is shown in Plate XTIT, figure 2. The downstream slope 
posts are barely visible on the left- hand side of the view, just above 

Distance along Slope Course in fee? 
0 500 A #20 
(Pans ee ALLEN CREEK 

4 fara SUE Maximum Depth 

2 B 

q WILLOW CREEK 

7 74 

G 
BOYER RIVER 

i 
(2.2 

D 

PIGEON CREEK 

12.4 

Fic. 8.—Graphs for experiments in western Iowa, showing per cent variation from average cross sectional © 

area for all cross sections along slope course. 

the break in the bank. It can be seen that above this break in the 
bank the course of the channel is straight and fairly uniform in cross 
section (fig. 8 (). The sides of the upper part of the channel stand 
at a slope of about 1 to 1 (see fig. 7 C). The soil in the upper part 
of the sides of the channel consists of a dark loam and in the lower 
part it is a hard yellow clay. The channel is practically free from 
any form of vegetation, which condition is largely due to its rapid 
enlargement caused by erosion. Since the channel was constructed, 
in 1910, it has enlarged to almost double its original size. 

During flood stages the condition of the channel was very similar 
to that described for the Alien and Willow Creek channels. After the 

AGA 
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water subsided the sides of the channel were left coated with a thin 
layer of mud. The yalues of n obteimed (Table 4) are higher than 
those obtained for Allen and Willow Creeks, which is attributed tc the 

fact that the sides of the channel are considerably more irregular, 
as may be seen by comparing the views of the channels. Also, it is 
believed that the reduction of friction, due to the coating of mud on 
the sides of the channels, was much more effective on the rather flat 
side slopes of Willow and Allen Creeks than on the steeper side slopes 
of the Boyer River channel. It will be noted that, for the Boyer 
River channel, the value of n increases as the stage decreases. This 
is due, no doubt, to the fact that the lower part of the channel is more 
irregular than the upper part. 

PIGEON CREEE, 

Gaugings of Pigeon Creek were made at the highway bridge about 
one-half mile above the Chicago & Nerth Western Railroad, near the 
town of Crescent. A view of the course of slope measurements is 
shown in Plate XIV, figure i. This view was taken looking down- 
stream from the gauging station. The upstream slope posts, which 
were about 65 feet below the bridge, can be seen on the right-hand side 
of the view. 

The upper portion of the sides of the channel stand at a slope of 
about i to 1 (see figs. 7 D, and 8 D). There was very little vegeta- 
tion in the channel when the gaugings and slope measurements were 
made. The soil in the channel is a heavy dark loam, and the bottom 
of the channel is generally covered with $ to 1 foot of mud. The chan- 
nel was dug in 1907, and has increased somewhat in depth since that 
time but not much in width. The right bank of the channel is 
rather smooth and regular, while the left bank is rough and irregular. 
During flood stages the channe! was coated with mud, as described for 
the channels near Missouri Valley. 

in Table 4, measurements 11 and 12, are shown two values of n 
obtained for high stages in the channel. These values are much larger 
than those obtained for Willow and Allen Creeks, which is perhaps due 
to the rougher condition and greater fail of the channel, both of which 
conditions probably rendered less effective the mud coating in reduc- 
ing friction. 

MONGNA-HARRISON DITCH. 

A view of the slope course on the Monona-Harrison ditch, near 
Onawa, isshown in Plate XIV, figure 2. This view was taken looking 
upstream from the gauging station, which was iocated at the highway 
bridge on the Turin-Onawa road. The length of the slope course 
was 948 feet. Experiments were made during the years 1916 and 1917, 
and not much difference was found in the size and condition of the 
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channel for the two sets of measurements. In Table 4 are given the 
values of n obtained for the years 1916 and 1917, respectively. From 
this table it is seen that the values of n obtained for the low stages 
during 1916 are lower than those obtained for the higher stages during 
1917. This is due to the fact that the upper portion of the channel is 
irregular and covered with growth, as may be seen from the view of 
of the channel. During the gaugings and slopemeasurements the water 
was not as fully laden with silt as in the case of the ditches in the vicin- 
ity of the Missouri Valley, nor were the sides of the channel so well 
eoated with mud. The bed and the flatter portions of the sides of 
the channel were covered with silt, varying in depth from } to 14 feet. 
(See fig. 7 H for average cross section of channel.) 

LITTLE SIOUX RIVER CUT-OFF. 

Gaugings of the Little Sioux River were made from the highway 
bridge on the Onawa-Turin road, about one-half mile from Turin. 
Values of n for the channel were obtained during 1916 and 1917. Views 
of the slope course taken during June, 1916, and June, 1917, are shown 
in Plates XV, figures 1 and 2. The length of the slope course for the 
measurements made in 1916 was 1, 212 feet, and for those made in 
1917 was 1,654 feet. The slope course was located on the straight 
stretch of channel above the gauging station at the highway bridge. 
The soil in the upper part of the channel is a dark silty loam, while in 
the lower part it is a heavy firm clay. There was practically no silt 
in the bed of the channel during the time that the experiments were 
made. The channel during i916 was fairly uniform in section, and 
the left bank, which is shown on the right-hand side of the view (Pl. 
XV, fig. 1), was quite regular. The right bank was somewhat irregu- 

-lar, due to caving. (See fig. 7 F, for average cross sections of the 
channel.) There was some vegetation on both side slopes of the chan- 
nel, as may be seen from the view. The values of n obtained for this 
channel, shown in Table 4, are about what would be expected for a 
channel in its condition. 

Plate XV, figure 2, shows the condition of the same channel in June, 
1917. The right bank, which in 1916 was covered with trees, has 
caved into the channel, and the left bank is considerably rougher 
than it was in June, 1916. The two values of n obtained, 0.075 and 
0.076, are considerably higher than those obtained in 1916. This may 
readily be ascribed to the caving of the right bank, which carried mto 
the channel large trees and other obstructions. The water during the 
experiments was not laden with silt, as in the case of the ditches near 
Missouri Valley, and the channel was not coated with mud after the 
subsidence of the water. 
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DISCUSSION OF WESTERN IOWA EXPERIMENTS. 

The low values of » obtained for the Allen and Willow Creek 
Ditches (0.0128 to 0.0143) are, so far as the writer knows, without 
precedent for dredged channels. From a close examination of the 
views of these channels one would expect low values of n for channels 
with such regular and smooth side slopes and uniform cross sections. 
However, the fact that the values of n are so low can not be attributed 
alone to these conditions, since a low value of n was obtained for 
a bankful stage of the Boyer River channel, which does not fulfill 
these ideal conditions of regularity and uniformity. The low values. 
are therefore due mostly, no doubt, to the coating of slick, silty mud 
with which the perimeters of the channel were covered, the tendency 
being to smooth up irregularities. It is not conclusively apparent 
why the values of m for Pigeon Creek are so much higher than for 
Willow Creek since the conditions of the ditches are somewhat similar. 
It is possible that the slight difference in the condition of the channel 
and the greater fall rendered the mud coating less effective in reducing 
frictional resistance. 

In view of the results obtained for Pigeon Creek, the Monona- 
Harrison Ditch, and the lower part of the Boyer River channel, it is 
possible that the effectiveness of this coating of mud in reducing 
friction is affected by vegetation, roughness of channel, angle of side 
slopes, irregularity of cross section, and slope of channel. It is not 
recommended that such low values of n as obtained for Allen and 
Willow Creeks be employed in the design of proposed dredged drainage 
channels unless there is no question but that all the conditions of the 
Allen and Willow Creek channels will be duplicated. It should also 
be remembered that these ditches are comparatively new, and unless 
the proposed ditches are to be carefully maintained to keep the 
channels free of growth and obstructions, and unless there is good 
reason to believe that they will retain their original smooth slopes 
and uniform cross section, a low value of 7 should not be used, even 
though the silty conditions as described above could be expected to 
prevail. 

EXPERIMENTS IN NORTH CAROLINA. 

Values of n were determined for five courses of channeis in Back 
Swamp and Jacob Swamp, North Carolina, namely: Turkey Branch, 
Back Swamp, Jacob Swamp at Lovett Road, Little Jacob Swamp, 
and Jacob Swamp at the Nashville & Chattanooga Railroad. These 
experiments were made by A. D. Morehouse, formerly a drainage 
engineer of this bureau. 
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A8 BULLETIN 882, U. S. DEPARTMENT OF AGRICULTURE. 

TURKEY BRANCH. 

A straight course 200 feet long was selected for slope measurements 
on the Turkey Branch channel just above the Atlantic Coast Line Rail- 
road southwest of Pembroke. ‘This channel is small and was hand- 
dug (Plate XVI fig. 1; and fig.9 A). At the time of the experiments 
the channel was very uniform in cross section fora bankful stage; it had 
regular side slopes and was free from growth of any kind. The values 

of n obtained were only for very low stages. As may be seen from 
‘ Table 5, the average 

maximum depth for 
TURKEY B Si Ri the channel at bankful 

ve stage was 5.0 feet, and 
only 0.95 foot for the 
highest stage for which 
n was determined. The 
cross sectional area of 
the lower part of the 
channel varied consid- 

erably in size (fig. 10 

A). 

NCH 

ie
 
e
 

BACK SWAMP. 

+ Lovett Road 
| | A straight course of 

channel 250 feet in 
length was used for 
slope measurements 
on the Back Swamp 
channel. It was lo- 
cated just west of the 
Sunday Ford Road and 
about 8 miles west of 
Lumberton. At the 
time of these meas- 
urements the channel 

Fie, 9.—A-verage cross sections of channels for experiments in was quite unit orm in 

North Carolina. 

SS ee eS et, ; 
“= ea JACOB oun 

| 

cross section, and the 

side slopes were quite regular (fig. 10, B). The side slopes have 

been eroded considerably so as to be nearly vertical, leaving a mat 

of overhanging ragged roots on either bank. Owing to a compara- 

tively swift current, there were no weeds, grass, or other vegetation 

on the bottom cr side slopes, but there were a number of large tree 
roots in thechannel. Plate XVI, figure 2; and figure 9 B, show the 

condition and average cross section of channel, and Table 5 shows 

the values obtained for n. Of the five channels for which experi- 

ments were made, this is the only one where a value of n was determined 

for a near bankful stage. 



Bul. 832, U. S. Dept. of Agriculture. PLATE XVII. 

B. P. R.—D3063 

Fic. |.—SLOPE COURSE OF JACOB SWAMP DREDGED CHANNEL AT LOVETT ROAD, 
NEAR LUMBERTON, N.C. (SEE TABLE NO. 5.) 

B. P. R.—D3065 

Fic. 2.-SLOPE COURSE OF LITTLE JACOB SWAMP DREDGED CHANNEL, NEAR 
LUMBERTON, N. C., 1915. (SEE TABLE No. 5.) 



Bul. 832, U. S. Dept. of Agriculture. PLATE XVIII. 

E. Ps R.—D3064 

Fic. ].-SLOPE COURSE OF JACOB SWAMP DREDGED CHANNEL AT N. & C. R. R., 
NEAR LUMBERTON, N. C., I915. (SEE TABLE No. 5.) 

B. P. R.—D941 

Fic. 2.—COURSE OF MAIN DREDGED CHANNEL, NEAR FELLSMERE, FLA., 
ADJOINING SLOPE COURSE. THIS VIEW REPRESENTS FAIRLY WELL THE 
COND!TION OF THE CHANNEL ALONG THE SLOPE CouRSE. I9I7. (SEE TABLE 
No. 6.) 
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Distance along Slope Course in feet 
© - 100 200 300 

A 
TURKEY BRANGH CHANNEL 

Average Maximum Depth 

i 

ee 

“40 A C 
JACOB SWAMP CHANNEL 

at Lovett Road 

e Cross Sector 
re 

D 
LITTLE JACOB SWAMP CHANNEL 

0.65 ------------ } 

Per cent Variation from Avera, 

E 
JACOB SWAMP CHANNEL 

at N.& C.R.R. 

AGL. 

Fia. 10.—Graphs for experiments in North Carolina, showing per cent variation from average cross-sectional 

area for all cross sections along slope courses. 
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JACOB SWAMP AT LOVETT ROAD. 

A slope course 300 feet in length, just west cf the Lovett Road and 
about 2 miles south of Lumberton, was selected for slope measure- 
ments on this channel. The cross section was fairly uniform for the 
higher stages and the side slopes and bottom fairly regular. For 
the lower stages there was considerable variation in cross section 
(fig. 10 @). There was practically no vegetation in the channel when 
the measurements were made during January and February, but for 
the single measurement made during May about two-thirds of the 
bottom and side slopes were covered with water grass. (See Plate 
XVII, fig. 1, for view and fig. 9 @, for average cross section of the 
channel.) 

During low water the thread of the stream wanders from side to side, 
which, with the large and abrupt variations in cross sections, is no 
doubt responsible for the high value of n obtained for the lowest 
stage (measurement 11, Table 5). The high value obtained for meas- 
urement 15 isdue, of course, to the growth of grass in the channel. 

This value was obtained for about half-bankful stage. Values for 
higher stages were not obtained, so that none of the values of n given 
in Table 5 apply to the channel when flowing full. 

LITTLE JACOB SWAMP. 

A straight course 500 feet in length, just west of the Lovett Road 
about 24 miles south of Lumberton, was used for slope measurements. 
This course was fairly uniform in cross section for a distance of about 
450 feet from the upper end of the slope course, with quite regular 
side slopes and bottom (fig. 10 D). There was very little growth in 
the channel during the winter months. Plate XVII, figure 2, is a 
view of the channel and figure 9 D, shows the average cross section. 
During the summer months grass and weeds appear in the channel, 

especially along the edge of the water, and there were several patches 
of moss along the slope course. There was not sufficient growth in 
the channel to produce a very marked effect upon the value of n, as 
may be seen from the small difference in the resulis of the measure- 
ments as given in Table 5 for the winter and summer months. The 
values of 2 were obtained for only very low stages. 

JACOB SWAMP AT NASHVILLE & CHATTANOOGA RAILROAD. 

The slope course used on this channel was 300 feet in length and 
was located just west of the Nashville & Chattanooga Railroad trestle, 
about 2 miles south of Lumberton. The cross section of this course of 
channel was fairly uniform for a distance of about 275 feet from the 
upper end of the course, but the side slopes were rather irregular (fig. 
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10 EZ) There were some roots and dead vegetation in the channel 

during the winter months. Silting had occurred along the course, and 

there was a mud island 3 feet wide by 10 feet long lying lengthwise of 
the channel! a short distance above the lower end of the slope course. 
During the summer months the island was covered with water grass. 
There was also a growth of grass along the edge of low-water stages 
and two patches of grass in the channel along the course. 

The highest stages for which values of » were determined were 
about half-bankful. Referring to Table 5, it can be seen that the 
values of 7 obtained during the summer months are higher than those 
obtained during the winter months, owing to the growth of grass in 
the channel; also that the values for the summer months increase as 
the stage decreases, due no doubt to the fact that for the lower stages 
the grass filled a much greater proportion oi the cross-sectional area 
of the channel. Plate XVIII, figure 1,is a view of the channel, and 
figure 9 H shows the average cross section. 

DISCUSSION OF NORTH CAROLINA EXPERIMENTS. 

Attention is especially called to the fact that in these experiments 
values of n were not obtained for bankful stages, and this should 
be kept in mind when comparing the views and descriptions of the 
channels with the values of nm obtained. A value of nm for a near- 
bankful stage was obtained on the Back Swamp channel, but in the 
other channels the highest stages for which values of n were deter- 
mined were about half, and in some instances considerably less than 
half, of a bankful stage. 

The chief value of these experiments lies in the fact that values of 
nm were determined before and after the growth of grass in three of 
the channels, from which a general idea can be obtained as to the re- 
tarding effect of grass upon the flow in water courses. 

With the exception of Back Swamp the discharges of the channels 
were quite small, and for this reason it is not believed that the results 
are as accurate as were obtained for the other experiments herein 
discussed, since the effect of errors in making small discharge measure- 
ments is usually greater than in the measurement of large discharges. 

EXPERIMENTS IN FLORIDA. 

These experiments were made on the main channels of the Fells- 
mere, Vero, and Fort Pierce Drainage Districts, and on two courses 
of Lateral No. 2 of the Fort Pierce Drainage District. They were 
conducted by F. E. Staebner, drainage engineer of this bureau, 
during 1916 and 1917, 
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Fic. 12.—Graphs for experiments in Florida, showing per-cent variation from average cross-sectional area 

for all cross sections along slope course. 
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MAIN CHANNEL NEAR FELLSMERE. 

The slope course on this channel was straight and was 2,000 feet 
long. The gauging station was located about 100 feet below the 
downstream end of the slope course, which was about 3 miles north’ 
of Fellsmere. The gaugings were made from a footbridge about 10 feet 
upstream from the county highway bridge and supported by suspen- 
sion brackets from the piling of that bridge. The channel was quite 
uniform in cross section, there being only one rather abrupt variation,’ 
which occurred near the upper end of the course (figs. 12 A, and 12 B). 
The bottom of the channel was broad and regular and quite evenly 
covered with sand. The side slopes were fairly regular and prac- 
tically free from vegetation in the lower part of the channel, but 
rather irregular and covered with vegetation in the upper part (fig. 
11 A, and Plate XVIII, fig. 2). With the exception of measure- 
ment 10, Table 6, for which the highest value of n was obtained, the 
measurements were made for stages almost wholly in the lower and 
better part of the channel. For the same part of the channel the 
values of n obtained during 1917 were somewhat lower than those 
obtained during 1916. This might be attributed to the fact that the 
cross section had become somewhat more uniform between the dates 
of the two sets of measurements, as appears from the graphs shown 
in figures 12 A and 12 B. 

MAIN CHANNEL NEAR VERO. 

Gaugings of this channel were made from a suspension footbridge 
near Vero. The upper end of the slope course, which was 1,000 feet ° 
long, was located about 40 feet downstream from the gauging station. 
The bottom was sandy, and there were several flat, broad sand bars 
in the channel during low water (Plate XIX, fig. 1; and fig. 11 B). 
‘There was some vegetation in the channel, which can be seen in the 
view just referred to. The cross-sectional area of the channel was 
quite uniform except for the lowest measurements, Nos. 11 and 12 (see 

Table No. 6 and figs. 12 C and 12 D). The side slopes for the three 
low-stage measurements made during 1916 were fairly regular, but 
for the three higher stage measurements, Nos. 14, 15, and 19, made at 
about half-bankful stages, the slopes were quite rough and irregular, 
owing to the fact that large lumps of the bank had sloughed off. The 
values of n obtained indicate that the retardation to flow was much 
sveater in the upper part than in the lower part of the channel, which 
was apparently due to the caving of the banks in the upper part of 
the channel. 

MAIN CHANNEL NEAR FORT PIERCE. 

Gaugings of this channel were made from a suspension footbridge 
located about 3 miles west of Fort Pierce. The upper end of the 
slope course, which was 1,032 feet long, was located about 25 feet 
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Fig. I.—SLOPE COURSE OF MAIN DREDGED CHANNEL, 
1917. (SEE TABLE No. 6.) 

FiG. 2.-SLOPE COURSE OF MAIN DREDGED CHANNEL, 
FLA., 1917. (SEE TABLE No. 6.) 

PLATE XIX. 

B. P. R.—D798 

NEAR VERO, FLA., 

NEAR 

B. P. R.—D796 

FORT PIERCE, 



Bul, 832, U. S. Dept. of Agriculture. PLATE XX. 

B. P. R.—D1363 

Fic. |.—SLOPE COURSE OF LATERAL DREDGED CHANNEL, No. 2, COURSE A, 
NEAR FORT PIERCE, FLA., 1917. (SEE TABLE No. 6.) 

B. P. R.—DI364 

Fic. 2.—SLOPE COURSE OF LATERAL DREDGED CHANNEL No. 2, COURSE B, 
NEAR FORT PIERCE, FLA., 1917. (SEE TABLE NO. 6.) 
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downstream from the gauging station. At the time that the measure- 
ments were made during 1916 the cross section of the channel was 
fairly uniform, except for the lowest stage (Plate XIX, fig. 2; and 
figs. 11 O and 12 EF). The side slopes were rather irregular. The 
soil in the bottom of the channel was largely clay, and on the side 
slopes a very hard clay. There were some water weeds in the bottom 
of the channel and a growth of grass and lilies near the water edge at 
low stage. As would be expected, a high value of n was obtained 
(Table 6) for the lowest stage, due to the vegetation and to the rough 
condition and abrupt variations in cross section. The other values 
were also rather high, due no doubt to the irregularities and vege- 
tation in the channel. 

The channei was cleaned out and deepened with a drag-line exca- 
vator after the 1916 measurements had been made. After this work 
had been done, values of m were again determined for the channel 
during 1917. The upstream end of the 1917 course was located 160 
feet farther upstream than that of the 1916 course. The course was 
straight and was 900 feet iong. The cross section of the channel was 
fairly uniform, there being no very abrupt variations (fig. 12 F), 
and was in rather good condition except for irregularities in the 
bottoms and some weeds that the excavating machine did not remove. 
Comparing the values of n obtained during 1917 with those for 1916, 
it is seen that much lower values were obtained after the channel was 
cleaned out and deepened. 

LATERAL DREDGED CHANNEL NO. 2, NEAR FORT PIERCE. 
4 

Values of n were determined for two courses of this lateral channel, 
course A being in good condition and course B in very poor condition. 
The gaugings were made from suspension foot bridges. A good idea 
as to the shape, condition, and uniformity of these channels can be 
ebtained from Plate XX, and figures 11 D, 11 #, 12 G, and 12 H. 

Course A was straight and was 503 feet long; it was located at a 
place where the channel passed through a ridge of hard clay. The 
side slopes of the channel were probably about as they were left by 
the excavating machine and showed no evidence of erosion or slough- 
ing off. As may be seen from Plate XX, figure 1, there was some 
vegetation in the channel. The rather high values of » obtained for 
this channel were probably due to the presence of vegetation and to 
the abrupt variations in cross section. 

Course B was straight and was 500 feet in length. This course 
was located in one of the so-called sand ponds. The soil is sandy and 
easily eroded. The banks have been washed in, and considerable 
material had been deposited in the channel. The cross section was 
very broad and shallow as compared with that for course A (fig. 11 
E). ‘There was considerable vegetation, covering the entire perim- 
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eter of the channel, as may be seen by referring to Plate XX, figure 
2. The values of n obtained are very high, due no doubt principally 
tc the presence of vegetation. 

Unusual care was exercised in making the slope measurements 
and gaugines for both courses of channel. The slope for course A 
was very small and required precise measurements to secure reli- 
able results. 

DISCUSSION OF FLORIDA EXPERIMENTS 

Owing to the fact that the slopes for channels in this section of the 
country are quite small, the velocities are necessarily low. As a 
result, the channels are subject to silting and to the rapid growth of 
vegetation. Unless channels in this section are to be carefully main- 
tained, it can be seen from the results of the experiments as given 
in Table 6 5 that a comparatively high value of n should be used in 
their design. 

VARIATION OF n WITH STAGE IN CHANNEL. 

The results of these experiments show that generally the value of 
n decreases as the stage in the channel increases. This was pointed 
out in an article in the Engineering News, February 24, 1916, by 
R. E. Horton, as being true for natural river channels and was 
attributed to the fact that: 

In determining the coefficients of roughness in natural river channel My the entire 

cross section as determined by soundings is taken into account, whereas if the cross 

section is irregular there may be pockets or holes in the bed of the stream containing 

slack water at lower stages, so that the full area of section is not effective. Similarly at 
low stages of the stream there is likely to be more or less fall that is not effective as 
slope and that does not contribute to producing velocity. 

While the above is also generally true for dredged channels, yet 
these experiments show a great ma: ny exceptions, one of which is that 
of Mud Creek, where the values of n obtained were practicaliy the 
same for all stages in the channel, owing to the faci that there was 
no appreciable amount of ineffective sicpe or cross-section and practi- 
cally no difference in the degree of roughness of the channel for 
different stages (see Plate ITT, fig.i and Table 1). Another exception 

which shows the very reverse of the gener: al statement above is that 
of Bogue Phalia, where n increased for an increase of stage. This 
was due to the excellent condition of the lower part of the channel 
as compared with that of the upper part (see Plate V, fig. 1, and 
Table 2). 

APPLICATION OCF RESULTS. 

It is impossible to describe with absolute accuracy the conditions 
existing in a channel, such as degree of regularity, amount and rath ure 
of obstructions and vegetation, and uniformity of cross seb hene 
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Consequently it is impossible to formulate definite rules to govern 
one in choosing the proper value of n for any particular channel. It 
is believed that views, together with complete descriptions of chan- 
nels for which the values of n have been determined, afford the best 

means of arriving at the proper value of n to employ for any partic- 
ular channel. This applies especially to existing channels where it 
is desired to ascertain the capacity. 

In order to determine the capacity of a propesed dredged channe! 
it is necessary to assume anticipated conditions of channel. As is 
readily seen from the results of these experiments, values of n for 
dredged channels vary greatly, depending principally upon irregu- 
larities of side slopes and cross section due to erosion, caving banks, or 
faulty construction; upon obstructions and growth in the channel 
due to a lack of maintenance; and, under certain conditions, upon 
the effect of a lining of silt in the channel. In most cases where 
erosion takes place m a newly-constructed and well-finished dredged 
channel, the roughness coefficient increases, but the capacity of the 
channe! as a rule also increases, since the enlarged cross section more 
than offsets the effect of the increased roughness coefficient. In 
some instances practically no difference im capacity in a newly- 
dredged channe! may result due to erosion, after a certain amount of 
erosion has taken place, as was found to be the case for the experi- 
ments conducted at Trenton, Tenn. (see Table 3). 

CONCLUSIONS, 

A careful study of the results of these experiments suggests the 
following conclusions: 

(1) That a deposit of slick, slimy silt on the sides and bottom of a 
channel greatly reduces frictional resistance to flow (ee results 
for Allen and Willow Creeks in Table 4). 

(2) That the ciearing of perennial growth from a channel will 
greatly increase its capacity (see results for Old Town Creek in Table 1). 

(3) That the growth of grass and weeds in a channel during the 

summer greatly decreases its capacity (see results of experiments for 
North Carolina in Table 5). 

(4) That the accumulation of drift, trees, logs and other obstruc- 

tions in a channel greatiy decreases its capacity (See results for South 
Forked Deer River Channel at Campbeil’s levee in Table 3). 

(5) That after a certain amount of erosion has taken place in 
a channel, further erosion does not necessarily increase the roughness 
of the perimeter (see results for North Forked Deer River in Table 3). 

(6) That the roughness coefficient n is appreciably higher for a 
roughly dredged channel than for a smoothly dredged one (see results 
for the South Forked Deer River at Jackson and Roberts, in Table re 

ee 
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(7) That ordinarily a dredged channel quickly deteriorates in 
hydraulic efficiency unless systematically maintained (see results for 
Old Town Creek in Table 1). 

(8) That abrupt variations in cross section play an important part 
in reducing the hydraulic efficiency of a channel (compare figs. 2, 
4, 6, 8, 19, and 12 with values of n in the tables). 

(9) That generally, in designing a proposed dredged channel, a 
value of » of 0.030 should be used if the channel is to be smoothly 
dredged, and of 0.035 if roughly dredged. If the above values are 
used the channels should be carefully maintained, and if not to be so 
maintained a value cf n should be selected in accordance with the 
worst anticipated conditions for the channel. However, if it is 
known that such conditions will obtain as were found for some of 
the channels in western Iowa, a somewhat lower value of n may be 
used, depending upon the anticipated conditions of the channel. 

(10) That in computing the capacity of an existing channel the 
value of n chosen should whenever possible be based upon a compar- 
ison of the conditions in the estile channel with the conditions of 
channels for which values of n have been determined; such compar- 
ison being made, if not by actual inspection, at least with the aid of 
careful aoa eons and views of the investigated channels. 
rd 
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GENERAL DESCRIPTION. 

The chrysanthemum midge, Diarthronomyia hypogaea (F. Léw), 
is a Kuropean insect which gained entrance into the United States 
a few years ago and since then has been reported as injurious from 
widely separated localities in this country and Canada. 
When chrysanthemums are infested by this midge, the attention 

of the casual observer is most likely to be drawn to the presence of 
galls. These galls occur on the leaf, stem, or flower head of the 
chrysanthemum plant. (See Pl. I, BandC.) After the larve hatch 

from the orange-colored eggs, which are deposited by the adult 
female on the surface of tender tips and new growth, they bore their 
way into the tissues, thereby giving rise to the galls. 

The galls are cone-shaped and generally project obliquely from the 
surface. The length of the gall when fully developed 1 is about one- 

1 The account of the chrysanthemum midge contained in this bulletin i is the eee of an investigation 

which was undertaken with the intention of providing further data on the life history and habits of this 

insect, as well as more satisfactory means of control. The preliminary life-history studies which were 

started in February, 1917, by A. D. Borden, of the Bureau of Entomology, were subsequently taken up 

by H. F. Dietz, of the Federal Horticultural Board. Further studies on life history and control were 

inaugurated and carried to completion by the writers as a result of the many inquiries for advice as 

well as the outbreaks reported during the chrysanthemum season of 1918 and the spring 0f 1919. During 

the entire period the work has been under the constant supervision of E. R. Sasscer, chief inspector of the 

Federal Horticultural Board and collaborator of the Bureau of Entomology. 

150054°—20—Bull. 833-1 
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twelfth of an inch. When the leaf is affected, the galls usually occur 
on the upper surface, In such cases a slight swelling often may be 
observed on the opposite or under side of the leaf. Growth and 
development of both larva and pupa take place within this gall. 
When the pupa is fully developed it pushes itself out of the gail, still 
inclosed in the pupal skin. The latter then splits down the middle 
of the head and back to allow the adult to emerge. (See Pl. HU, C.) 

In the adult stage the midge is a fragile two-winged fly, one- 
fourteenth inch in length. The abdomen of the male is yellowish 
orange, while that of the female is reddish orange. The adult on 
emerging leaves its pupal skin protruding from the opening of the 
empty gall. (See Pl, IT, A.) As shown in the life-history studies, 
the adults emerge after midnight and egg-laying takes place early 
in the morning. 

HISTORICAL. 

In 1870, E. Perris (1, p. 177)! is recorded as having observed ceci- 
domyiid larve on Leucanthemum vulgare. Six years later J. E. Von 
Bergenstamm and P. Léw (2) also recorded larvee which in all prob- 
ability were cecidomyiid, as they were found attacking the young 
leaves of Chrysanthemum leucanthemum (Leucanthemum vulgare.) In 
August, 1875, E. Berroyer collected specimens in Raxalpa, a group of 
the Eastern Alps of Austria-Hungary, at an elevation of 5,000 feet 
above sea level. These specimens, which consisted of subterranean 
galls, and two adult male midges, were submitted to Franz Léw (3) 

by Von Bergenstamm. Franz Low made the original description in 
1885, which freely translated is as follows: 

Male: Antenne 2-14 jointed. Peduncle shorter than the segments. Terminal 
segment with two whorls of stout sete. Wings cloudy white. All veins, also costal 
vein white. Second parallel vein straight, disappearing in the apex of the wings. 
First branch of the third parallel vein so weak that it is not visible, unless under best 
of light and high power, but the wing fold on the other hand is very plainly discernible. 
Halteres white. Legs with closely adhering hairs, also appearing white. 

Larva: The still unknown larva causes galls on the underground parts of the stem of 
Chrysanthemum atratum Jacq., in which their complete transformation takes place. 
In each are also found several larvee, each larva occupying one cell for itself. 

Pupa: The pupa has (like the pupa of the Asphondylia species) three pairs of horns, 

but on the other hand, lacks the rows of delicate horns found on the dorsal surface of 

abdominal segments of the Asphondylia species. 
The two cephalic horns are very large, widely separated, slender, quite pointed and 

with the point somewhat recurved. The horns of both other pairs are very small, 

alike in size and structure, pointed and also with the point somewhat recurved. They 
occur in such a manner that a horn is located above and below each eye of the pupa; 

consequently, the horns of one pair are widely separated from each other. In the cells 
of the galls in which pupation of the larva takes place, the pupe are so situated that the 
head points to the periphery of the gall. 

1 Numbers in parentheses refer to “ Literature cited,’”’ p. 23. 
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Galls: They occur, three or four in number, at the extremity of the upper and lower 
surfaces of the stem of the Chrysanthemum atratum Jacq., which is irregularly rounded, 

' varying in size from a large hemp seed to a large pea. Outside naked, consisting of a 
fleshy homogeneous mass in which occur small, elongated cells or chambers each being 

- inhabited by a larva. 
Distribution: On Raxalpa about 5,000 feet above sea -evel. (I. Berroyer.) 

From this date, until it was first reported by Felt in the United 
States, frequent references are found in literature relating to its occur- 
rence and synonymy. Among these may be listed the following: 
Riibsaamen (4, p. 375), Kieffer (5, p. 21), (6), (7, p. 351, 353), (13), 
Baldrati (8, p. 40-41), Kertész (9, p. 69), Houard (11), and Kuster 
Gon. 97, 274). 
On March 26, 1915, R. H. Pettit of the Michigan Agricultural Col- 

lege had his attention called to the existence of an infestation occur- 
ring in large chrysanthemum houses at Adrian, Mich. Specimens were 
submitted to E. P. 
Felt (14), State ento- 

mologist of New York, 
who in April of that 
year determined it as 
the chrysanthemum 
midge, Diarthronom- 
yia hypogaea (F. Low). 
In 1916 A. Gibson (21) 

reported the occur- 
rence of the midge at 
Ottawa, Canada. 
S l _  Fia. 1—Map showing distribution of the chrysanthemum midge 

ubsequently, reports in the United States and Canada. 
of its occurrence have 
been received from idee separated points, both in the United States 
and Canada. According to California florists, this pest has been 
present in that State for about 15 years. 

DISTRIBUTION IN THE UNITED STATES AND CANADA. 

To date, the midge has been reported from California, Connecticut, 
Delaware, the District of Columbia, Georgia, Illinois, Indiana, Maine, 
Maryland, Massachusetts, Michigan, Minnesota, New Hampshire, 
New Jersey, New York, Ohio, Oregon, Pennsylvania, Rhode Island, 
South Dakota, Tennessee, and Virginia, as well as from Ottawa and 
Victoria, in Canada. 

Since the first records of its occurrence and seriousness were report- 
ed from the Middle West it would appear that the distribution of 
infested plants from this region was the source of its further spread 
to the other sections of the United States and Canada. 

Its distribution, as indicated on the accompanying map (fig.1), is 
almost wholly confined to the larger chrysanthemum-growing regions 
of the United States, which include the areas surrounding the Great 
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Lakes and the northern and central Atlantic seaboard. On the Pa- 
cific coast it is reported from California and Oregon, and its presence 
has been confirmed in South Dakota, Tennessee, and Georgia. 
Doubtless a careful survey would locate many additional isolated 
infestations which have not been brought to the attention of State or 
Federal entomologists. 

VARIETIES AFFECTED. 

While the chrysanthemum midge has been recorded from central 
and southern Europe as seriously injuring the common white or ox- 
eye daisy (Chrysanthemum leucanthemum), as well as C. corymbosum, 
C. atratum, C. japonicum, and C. myconis (11), its depredations in 
North America are confined to practicaliy all of the commercial 
chrysanthemums, both the single and pompon varieties. The first 
infestation in this country was reported on the variety Mistletoe, 
and according to Felt (14, 15, 16) this variety appears to be very 
susceptible to the attacks of the midge. 

Although several attempts have been made to infest the Shasta 
daisy and the common field daisy, C. leucanthemum, it has not been 
possible to get the ovipositing female to lay eggs on them. ‘This is 
of much importance, for should the infestation spread to this common 
weed, there would be great difficulty in eradicating this pest. 

A. Gibson lists the following varieties as being fairly free from injury: 
Bob Pulling, Gertrude Peers, Daily Mail, Oconta, Mrs. G. C. Kelly, 
W. Wood Mason, F. T. Quilleton, and E. T. Quittington. All the 
above varieties are the blended product of C. indicum and C. mori- 
folium, both of which grow wild in China and Japan. He reports © 
the following varieties as being practically ruined: Smith’s Advance, 
Ivory, Bonnaffon, Wm. Turner, Western King, and Englehart. 

Observations made by H. F. Dietz in the Middle West showed 
that the Wm. Turner variety had lost all the crown buds. In case 
of a thick infestation on the variety Dr. Enguehard all of the plants 
had to be discarded early in the season; also all Chadwick varieties, 
as wellas Elberon, Major Bonnaffon, and Golden Mensa. The varie- 
ties which seemed to be least injured were Golden Age, Harvard, and 
White Bonnaffon. 

In some of the greenhouses of the District of Columbia during the 
season of 1918-1919 such varieties as Mensa, William Turner, and 
the white and yellow Bonnaffon were completely ruined on account 
of the severe infestation. 

ECONOMIC IMPORTANCE. 

Although a comparatively recent introduction this insect now 
seems to be firmly established in the United States and is one of the © 
most important pests to be reckoned with by chrysanthemum 
growers. 
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THE CHRYSANTHEMUM MIDGE. 

A, Adults emerging. B, galls of midge on chrysanthemum leaf. C,injury to terminal growth. 
. D, adult emerging from stem gall. 
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THE CHRYSANTHEMUM MIDGE. 

A, Empty pupal skins protruding from galls after emergence of adults. B, adults killed while 
emerging as a result of being sprayed with nicotine sulphate. C,adult female midge. 
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While it is primarily a greenhouse pest, A. Gibson, in August, 
1915, found it occurring on both greenhouse and outdoor plants at 
Ottawa, Canada. Well-developed galls on the newly unfolded 
leaves were found by the authors, March 26, 1919, on hardy chry- 
santhemums which had been grown out of doors all winter at the 
Arlington Farm, Rosslyn, Va. A careful inspection of the entire 
stock revealed the fact that the insects had wintered over on these 
plants in the immature stages, probably as either larve or pup 
within the galls. Inasmuch as there were many empty galls present 
on the old dead and dried leaves of the previous season’s growth, 
it was evident that this was an infestation of long standing. On 
April 11, many adults were found entangled in webbing spun by 
spiders among the developing new tip growth. These emerged from 
the above mentioned galls. 

The first severe infestation of the midge brought to the attention 
of the Bureau of Entomology was on chrysanthemums in greenhouses 
at Philadelphia, April, 1917. The entire stock was infested, causing 
a total loss to the grower. During the same year other florists 
reported a total loss of their stock of chrysanthemums valued at 
several thousand dollars. Even in the case of a light infestation 
the foliage is practically valueless for commercial purposes, and in 
the case of a heavy infestation the growth is completely arrested. 
(See Pl. I, C.) 
Owing to numerous reports of injury by the chrysanthemum midge 

in the States of Indiana, Illinois, and Michigan, H. F. Dietz con- 
ducted a survey in this territory during the months of November 
and December, 1918, for the purpose of ascertaining the exact amount 
of damage occasioned by this pest. From the data gathered, this 
general locality proved to be one of the centers from which the pest 
was being distributed over the United States. Greenhouses of 33 
florists were visited, including some of the largest growers and dis- 
tributors in this country. It was evident that if serious pests were 
established in this region, it would be only a matter of a year or two 
before such insects would be widely scattered. This is exactly what 
has happened in the case of the chrysanthemum midge. This pest 
was found established in 8 of 33 places visited. 

Serious injury to infested plants was noted. For example, no 
plants of the variety Dr. Enguehard came into flower, on account 
of their dwarfed, knotted, and knarled condition, with the result 
that the new central stem did not form. Moreover, other varieties, 
including Wm. Turner, were attacked just at the time the crown buds 
were “setting,’’ causing these flowers to become distorted. Asaresult, 
the flowers are not borne upright as normal flowers shouldbe. Such 
evidence may be taken as an indication of the presence of the midge, 
even though the galls may not be numerous enough to attract at- 
tention. 
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From these data it is apparent that the insect is a serious pest, 
especially in cases where growers require from 50,000 to 100,000 plants 
for their own use and five to ten times this number to fill annual 
orders for shipment. 

PPE SH ad ere 557 

Fig. 2.—The chrysanthemum midge: A, Leaf covered with galls; B, a single gall, more enlarged; C, gall 

cut open from above, showing young larva within; D, two galls cut in vertical section; E, larva, enlarged 

about 13 times; F, pupa; G, fly emerging from a gall on right, discarded pupal skin remaining in opening 

of gall on left; H, adult female fly, enlarged about 13 times; J,eggs. (9th Ann. Rept. State Ent. Ind.) 

TECHNICAL DESCRIPTION.! 

Egg [fig. 2, 1].—Reddish orange, length .15 mm., diameter .03 mm., the extremities 

narrowly rounded. : 
Gall [fig. 2, A, B, C, D, G].—Conical swelling projecting obliquely from the surface. 

Size about 2 mm. in length. Color, generally green. Reddish green when growing 
outside and depending on variety affected. Tips appear dried out and grayish at 

® Technical description of egg, larva, pupa, male, and female taken from Felt (20). 
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times. Hairs on tip in superabundance. Occurring on both leaf surfaces, stem and 

‘ flower head. 
Larva [fig. 2, C, E].—Length 1 mm., yellowish or yellowish orange when full grown, 

moderately stout, the extremities rounded; segmentation distinct and the skin smooth. 

Pupa [fig. 2, F].—Length 1.25 mm., stout, narrowly oval, the cephalic horns dis- 

tinct, conical, the thorax yellowish orange, the wing pads fuscous in pupe nearly ready 

to transform, the leg cases dark yellowish brown, the abdomen a variable orange, 
narrowly rounded apically. 

Male.—Length 1.75 mm. Antenne nearly as long as the body, sparsely haired, 

fuscous yellowish; 17 or 18 segments, the fifth with a stem about three-fourths the 
length of the subcylindric basal enlargement, which latter has a length about twice its 

diameter and a rather thick subbasal whorl of long, stout setae; terminal segment 
variable, usually somewhat reduced, irregular, elongate, ovate. Palpi: The first 

segment subquadrate, the second narrowly oval. Mesonotum dark brown, the sub- 

median lines yellowish. Scutellum and postscutellum fuscous yellowish, the abdo- 
men mostly a pale yellowish orange. Wings hyaline, costa light straw, halteres 
yellowish transparent. Legs a pale straw, the pulvilli a little longer than the long, 

slender claws, the latter with a long, slender tooth basally. Genitalia; basal clasp 

segment moderately long, stout; terminal clasp segment short, stout, with a distinct 
spur; dorsal plate short deeply and roundly emarginate, the lobes short, broad, 

obliquely truncate apically; ventral plate short, deeply and roundly emarginate, the 

lobes rather long and tapering to a narrowly rounded apex. 
Female [fig. 2, H].—Length 1.75 mm. Antenne extending to the third abdominal 

segment, sparsely haired, fuscous yellowish; 16 or 17 segments, the fifth with a stem 

about one-third the length of the cylindric basal enlargement, which latter has a 

length a little over twice its diameter; terminal segment reduced, sometimes com- 

pound and tapering to a narrowly rounded apex. Palpi: The first segment subquad- 

rate, the second subconical and with a length a little greater than the first. Mesono- 

tum fuscous brown, the submedian lines, the posterior median area, the scutellum 

and postscutellum mostly fuscous yellowish, the apex of the scutellum narrowly 
fuscous. Abdomen reddish orange, apically fuscous yellowish, the ovipositor about 

one-half the length of the body; terminal lobes short, broad, broadly rounded and 

sparsely setose apically. Other characters practically as in the male. 

LIFE HISTORY AND HABITS. 

ADULT STAGE. 

The adult female shows a marked preference to lay eggs in the buds, 
or in the tissues just unfolding from the buds. Serious injury to the 
host results from this habit, and the commercial value of the plant is 
greatly reduced, if not entirely eliminated. 

Emergence of adult—On March 26, 1919, H. L. Sanford observed 
the emergence of a female at 1.09 a. m. On the following night 
observations by C. A. Weigel taken at intervals varying from 15 to 
20 minutes apart beginning at 12.30 a. m., and ending at 5.45 a. m., 
showed the emergences as follows: At 1 a.m., 1 female; at 4a.m., 1 
male; at 4.02 a. m., 4 females, 3 males. In addition the following 
observations were recorded: When the female emerges the body is 
pushed out of the gall for approximately three-fourths its length. 
The wings at this time appear as dark gray or black club-like append- 
ages. The antenne are moved about in a very active manner. The 
legs, which are at first folded parallel to the body, are thrust outward 
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and immediately begin movement. The body is swayed back and 
forth with contractions of the abdomen which is still inserted within 
the gall, the latter acting as a fulerum. In about two minutes from 
the time at which the adult is first seen to break through the gall, the 
entire body is freed from its pupal skin. The pupal skin remains 
protruding from the empty gall case, as seen in Plate II, A. Witha 
convulsive motion the insect gains a foothold by thrusting out the 
legs and was observed almost immediately to travel rapidly to the 
underside of the leaf, assuming a position at right angles to the leaf 
surface. In this hanging position, which is characteristic of the 
adult female, it remained over an hour, occasionally fluttering its 
wings. Upon being disturbed it made a very short flight and re- 
turned to the underside of the same leaf. Evidently the above- 
described position is assumed to allow for drying and inflation of the 
wings. 

Mating.—A male was observed to fertilize a female approximately 
3 minutes after the emergence of the latter, the entire operation 
taking 10 seconds. One male was observed to fertilize three females 
in rapid succession. 

TasLe I.—Longevity of adults and date cf oviposition. 

Number. Adults died. 

Cage.| Adult emerged. Oviposition. l Length 
Male. ae Male. Female. 
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Kd ener (6 obser 0 ‘]ss| SNONOS25 3a t[ eae ate tleiscicle eine Apr, 14) I0e eae 14 
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n EAE etl eho ae] Be en a « Baap 0 Pebidsia. anes. see 1 
Tra fe eee: QOnsit hess eee 0 Hebe 2 se Won 2 
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1 Female not fertilized and did not deposit eggs. 
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Longevity of adults.—In the life-history studies it was found that 
males usually live less than 12 hours, while the females live from 2 to 
3 days, in captivity and when not mated. Mated females probably 
do not live over 24 hours. In the case of three males which were seen 
to emerge after 1 a. m., all were found dead at 5.45 a.m. ‘These re- 
sults are given in detail in Table I. 

Activity.—The males are not often seen on the wing, as they die 
shortly after mating, which takes place durmg the early morning 
hours, aimost directly after emergence. When on the wing, how- 
ever, they are very active. The females, while generally rather 
sluggish, may show great activity at times, especially in the early 
morning and just prior to egg deposition. Dietz observed that on 
cool days when the temperature was 50° F. in the daytime, and cooler 
at night, the adult females were exceedingly active. Emergence rec- 
ords taken on many cages show that there are a somewhat larger 
number of females than males, the actual count being 464 females 
to 365 males. 

Egg deposition.—The female when laying eggs keeps her legs at 
equal distances apart and the ovipositor held at right angles to the 
rest of the body, beginning probably at the third or fourth abdominal 
segment. If not disturbed she acts with great precision. On one 
occasion a female was carefully observed during two operations, laying 
34 and 19 eggsrespectively. The first oviposition period lasted exactly 
3 minutes and 30 seconds, the second only 1 minute and 20 
seconds. An interval of only 10 seconds elapsed between the oper- 
ations. The tip of the long flexible ovipositor is thrust between the 
pubescent hairs of the young terminal growth and pressed down firmly 
on the surface. During deposition the eggs may be seen moving 
down the tube with great rapidity, accompanied by shght contractions 
of the ovipositor. Because of its darker color, the egg is plainly visi- 
ble through the walls of the ovipositor. The number laid at one time, 
according to Table II on page 10, varies from 5 to 135, with an aver- 
age of 32. Guyton (31) found that ‘‘the number deposited by each 
female is from 80 to 150.”” The eggs are usually placed in irregular 
masses, although they may be placed in strings or chains. During 
the whole operation the ovipositor is thrust around in a very hervous 
manner. At times when the female moves slightly about, the body 
is not straightened out but dragged along to the new place of deposi- 
tion, in the original bent position. Although egg-laying may take 
place up to and later than 4.30 p. m., the maximum egg-laying occurs 
from the early morning hours up to midday. The midges prefer to lay 
eggs on the terminal growth of the plant on which they emerge, and 
particularly on the unfurling tip growth. This is true even in cases 

150054°—20—Bull. 833-2 
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where the terminal growth has been badly distorted previously as a 
result of their work. Females have been noted to return to such 
plants from which they have emerged and deposit eggs thereon. 
Even though they were repeatedly disturbed, they would return 
quickly and continue deposition. On many occasions it was found 
that when these young tips were separated and examined, the eggs 
would be present in greater numbers between the folds of the new tissue 
than on the neighboring exposed surfaces. 

Incubation.—Observations, as given in Table II, show that the in- 
cubation period varies from 3 to 16 days. The time of mcubation 
may be affected by the season of the year. 

TasBLe II.—Length of egg period. 

| 

a : 8 De- | Tein Number 
Cage. Host plant. posited. Hatched. Length. deposited. 
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Developmént.—The development of the larva within the egg can be 
made out easily. In the newly laid ege the nucleus, which is reddish 
in color, is rather central, but shows a slight tendency to be located 
toward the anterior end. There are approximately 18 yolk bodies 
present which are arranged in a row of 9 on each side. Therows do 
not extend quite to the posterior end of the egg. As development 
proceeds the red pigment or nucleus moves to one side of the egg, 
which later is apparently the ventral surface. In the meantime the 
yolk bodies collect in a mass near the nucleus. Ateach end the small 
air spaces, which at first are relatively small, later become much in- 
creased in size. The segmentation then begins to appear, with a 
simultaneous contraction of the entire contents. A redistribution of 
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the yolk then takes place, an equal portion being present in each seg- 
ment. At this stage the pigment takes up a posterior position.. 
Finally the complete outline of the larva is visible through the shell. 
At this stage the darker head and mouth parts can be seen, and the 
previous yolk material appears as a chainlike formation which ex- 
tends from the anterior to the posterior end throughout the entire 
inner or central portion of the body. Distinct segmentation is now 
clearly visible. 
Hatching.—Borden observed the larva when hatching to break 

from the eggshell by a small cap at one end. Complete development 
of the larva and pupa takes place within the gall. 

LARVAL AND PUPAL STAGES. 

The larva or maggot upon hatching moves about on the surface 
among the plant hairs for a period of from 1 to 3 days, preparatory 
to boring into the tissue. It varies in color from a transparent white 
to pale orange when seen with the aid of a binocular just after boring 
beneath the epidermis. On February 2, 1918, H. F. Dietz observed 
larve, which hatched from eggs laid four days previously, boring 
into tissue. (10 eyepiece, 24 mm. objective, binocular.) The 
observations were as follows: One larva which was found half buried 
in the tissues of the stem was timed until it disappeared. It required 
12 minutes for complete disappearance. During this period the 
larva moved back and forth with an irregular spiral movement, 
about 30 seconds being necessary for one complete movement back 
and forth. Several larve were then observed beginning to bury 
themselves, but the operation was interrupted and discontinued, the 
interruption being caused by another larva which was slowly crawling 
about in search of a suitable place to ‘‘dig in.”’ One of these larvee 
was observed crawling slowly about for approximately 3 minutes. 
The bright red pigment of the posterior third of the body is very 
characteristic at this particular stage. 

As a result of the larva boring into the tissue, an irritation is pro- 
duced which results in the production of swellings or galls on the plant 
containing the developing larve and pupe. 

No molts have been observed from the time of hatching to the time 
at which the larva is seen entering the tissue. The larva lies bathed 
in a fiuid within the gall. The fully developed larva is of an orange 
color. 

The female pupa is usually orange colored with the head, thorax, 
legs, and wing pads nearly black, while the male may be of a lighter 
or straw color. Formation of the pupa takes place about two weeks 
from the time the egg is hatched. It is white at first with only a 
sight brown tinge about the head, but later the head, thorax, wing- 
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pads, and legs are dark brown, and the abdomen orange. The 
cephalic horns are distinct in the nearly mature form of the pupa. 

When mature the pupa works its way out of the gall. On emer- 
gence a split is made upon the dorsal line of the head and thorax of 
the pupal case through which the adult issues. (PI.I,A,D.) During 
emergence the adult is very active and issues very rapidly. 

From the time that the larva enters the tissue to the first sign of a 
swelling, or gall, observations on 18 life-history cages show that a 
period ranging from 4 to 14 days elapsed with an average of 7 days 
(see fourth column of Table III). The young gall may now be 
readily recognized by the characteristic white spots, or slight swell- 
ings. 

Tt takes from 21 to 46 days, with an average of 28 days, from the 
time at which the larva first enters the tissue until the emergence 
of the adult. These observations were taken from the results obtained 
from 18 cages during the spring of 1917 and the spring and fall of 
1918, as is shown in the following table. Britton (82) found it to 

require from 20 to 50 days to transform within the gall. 

Tasie IIl.— Time required from: (a) larva entering tissue until first sign of gall; (b) larva 
entering tissue until emergence of adult. 

| Time, ‘i Total 
Cage.| Larvaentering tissue. | First sign of gall. eered Date of emergence. length 

| (a). (b). 

oem 
1917. I | Days. Days 
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| ae : cares sete oe ei 

1 Minimum time. 2 Maximum time. 

From Table IV it is evident that the total life cycle requires from 
27 to 52 days, with an average of 35 days. These data represent 
the results obtained from 17 life-history cages under Washington 
conditions. There is a constant overlapping of broods when the 
ereatest numbers are present, namely in the spring and fall of each 
year. The estivation period has been found to extend, in Maryland, 
Virginia, and the District of Columbia, from the early part of June 
to the latter part of August. 
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TaBLE IV.—Length of complete life cycle. 

Length 
Cage. Eggs deposited. Adult emerged. of life 

cycle 
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SMPMATEO-OR sans: hoc os seater. aoe see Apr. 22 to Apr. 27 SUE aro tare eee ries Oe 47-49 
De ANI Sparen oes 2 Looe We gs Septa4toisentsGi 2 saa eee ee aes 32-34 

itt) | ee GIDL Sa Ne oe es ee fg a Ole sa ea Septaliorse pial Seacrest e ne eee 39-46 
IB RATION OSS 5580 SL ee kee Sept. dias settee as an eis ee 30 
17} MSs Oe etna eo ate a a Me coe Sept. 25 to Oct 4 BBO ia CE Ace CU BE Sd ae oe 29-38 
PON PAM OR 20 gone e acne nals cece nese secant Sepes26 FOxOcusie see eee ee ea ee oe 28-35 
TA Ssoet LOM ase arn est sees Sea Sept. 27 to Oct 3 Roe came te DEC es ie Seah tie hE es 29-34 
fon |Sseae On aaa Sees be wie e Nee SERRE Seno Oct z. Re aa PRA realise la peter uaa) Marae abe Meee 34 
16g CORSE AAS Mis E52 Ey LE tee OCG ARE ASE Ma Ty LPN WE a ES SE ee eae 36 
MSC Dus ele tses eee Soa SURG Se OCE2ETOIN OVID Sse Re aes ones 33-42 

1 Data given in Table I show that mated females deposit eggs on date of emergence. 

In the spring of 1917, 1918, and 1919, three distinct generations 
were observed. The first generation started about the middle of 
February and the last adults of this generation emerged during the 
last few days of April. The second generation started about the 
middle of March and the last adults issued around April 30. The 
third generation started the latter part of April and emerged during 
the early part of June. In the fall of 1918 when the occurrence 
increased again a similar grouping of generations was evident, the 
first beginning about the latter part of August, and the last adults 
emerging during the first days of October. A second generation 
started about the middle and latter part of September, maturing the 
first days of November. The third generation was observed beginning 
about the middle of October and the last adults emerged about 
November 25. 

NATURAL ENEMIES. 

Felt (20), in speaking of the natural enemies of the midge, states 
that— 

It was very likely brought to America without the normal quota of parasites and 

for a time at least it may prove to be a somewhat difficult insect to control, though it 
would seem as if the native parasites of our large and varied gall midge fauna might in 

- time prey most successfully upon this midge. 

Essig (18) mentions: 

During the summer a large number of parasites were reared from infested plants and 
one species in particular did excellent work in the university greenhouse. The 
material was sent away for determination and a few observations made as follows: 

Amblymerus sp. This hymenopterous parasite has been described by Mr. A. A. 
Girault, through the kindness of Dr. L. O. Howard, and a description is to appear 
elsewhere. The adults are black with yellow markings on the legs. The females 

_ vary from 1 mm. to 1.2 mm. in length, and the males are somewhat smaller. The 
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larvee live within the galls alongside the maggots of the gallfly, which they gradually 

consume. They remain within the galls until mature, when they emerge through small 

circular holes. This species is the most abundant during the summer months and all 
of the adults were reared during August, September, and October. In not afew cases 

as high as 80 per cent to 90 per cent of the maggots were destroyed. 

Tetrastichus sp. The generic determination of this insect was made by Mr. Harry S. 

Smith, superintendent of the State insectary, Sacramento, Calif. It is also a small 
black parasite, somewhat larger than the former and easily distinguished from it by 

the four-jointed tarsi and other characters. 

EXPERIMENTS IN CONTROL. 

At the outset it must be borne in mind that it is very important 
that control measures should be closely related to the propagation of 
the stock, and moreover from the practical and economical point of 
view these steps should be undertaken at a period in the propagation 
when the plants can be severely cut back, allowing sufficient time to 
overcome any injury which may result from such treatment. IJnas- 
much as cuttings are propagated from the stock plants of the previous 
season, it is evident that the logical time to eradicate an infestation 
of long standing is immediately after the flowers have been removed. 
Naturally such precautions as would absolutely safeguard the grower 
against further spread and increase would have to be inaugurated. 
An experiment conducted in one of the commercial greenhouses in 

the District of Columbia in which the plants had been heavily infested 
the previous season was carried out asfollows: These heavily infested 
stock plants were heeled in and pruned back, and the entire portion 
above ground was thoroughly dusted with a mixture of equa! parts 
of tobacco dust and air-slaked lime as often as the new growth 
appeared. As a result of such treatment the new growth was kept 
practically clean from further infestation and the plants at the same 
time showed a stimulated growth. The checks which were run simul- 
taneously had all the new growth badly infested. 

Occasionally it may happen that a grower’s previous season’s stock 
was clean and new material or varieties are being received in the form 
of cuttings or young plants from localities where the insect is known 
toexist. There is a possibility of introducing the midge on such stock 
even though no definite signs of the insect are visible. In the spring 
when cuttings and young plants are being exchanged, an infestation, 
especially in the egg or very young larval stage, will defy even the 
most careful and zealous inspectors. Interception made of plants 
harboring the eggs only can easily be overlooked by virtue of their 
concealed location in the still unfurled leaf bud. 
A precautionary treatment should be given at the time when the 

plants or cuttings are taken or received and would prove of inesti- 
mable value in killing the eggs and immature stages. — 

The question of controlling an infestation already in the well- 
developed gall stage as well as the adult stage must also be con- 
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sidered. The control of the adult stage need not be taken up in experi- 
“mental manner, in view of the known fact that such fragile flies can 
easily be controlled by light fumigation with hydrocyanic-acid gas or 
by burning tobacco papers, provided it is done at the correct time. 

The preceding paragraphs clearly point out the advisability of 
determining the practical value of the several premises stated. 
Incidentally such factors must necessarily be solved independently 
of each other, but with the final view of either applying each separately 
when the case so warrants or consolidating such phases as would be 
most practical and consistent with commercial practices. The 
practical conclusions and recommendations that follow were deduced 
from results that are outlined and stated in the following pages. 

EXPERIMENT 1.—CONTROL OF EGGS BY MEANS OF DIPPING INFESTED CUTTINGS. 

Emphasis has been placed on the importance of beginning with 
clean cuttings in the spring. It, therefore, was found advisable to 
test out this point, and, if effective, such practices would be a safe- 
guard to growers whose stock was badly infested as well as growers 
who had received outside material. 

Three lots of six cuttings each were treated by J. L. Dietz as given 
in the following table. After treatment they were planted in sand. 
The tray, together with the plants, was then protected from further 
attacks by placing it under a close-mesh screen. The plants were 
treated September 26, and observations taken October 5 and 10 
and November 1 are given in Table V. 

TABLE V.—Control of eggs by means of dipping infested cuttings. 

Ex- | 
peri- Treatment. Observations and results. 
ment. 

_ 40 per cent nicotine sulphate (1-500); laundry | Nov. 1: Eggs did not hatch; no new galls devel- 
soap 1 ounce to 1 gallon; tips of cuttings oped; 4 plants well rooted, 2 plants poorly 
dipped. Sept. 26, 1918. rooted. 

2 | Same treatment as above, except that entire | Nov. 1: Eggs did not hatch; no new galls devel- 
cuttings were dipped. Sept 26, 1918. oped, neither did original galls develop any 

ers 4 plants well rooted, 2 plants poorly 
: rooted, 

sula@heck-nojtreatment.s) 2. eee ene oe Nov. 1: Eggs hatched; 1 plant had 3 well-devel- 
oped galls present; 3 plants rotted off; 3 plants 
were Well rooted. 

DISCUSSION OF RESULTS. 

Comparing the results of both treated lots with those of the check, 
the results are fairly conclusive. On the treated plants the eggs in 
each case did not hatch, neither did the young galls originally present 
make further progress, whereas, in the case of the check, while only 
one plant showed definite results, it is clear that the galls developed. 

The effect of such treatment on the plants is somewhat inconclu- 
sive due to the rotting off of three plants in the check. In the case 
of the treated plants, four survived in each lot. 
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EXPERIMENT 2.—CONTROL OF EGGS BY MEANS OF DIPPING ENTIRE PLANT. 

The object of this experiment was practically synonymous with 
that of experiment 1 except that entire plants were used instead of 
cuttings as was the case in the previous test. 

Twelve plants on which newly laid eggs were present were divided 
into three lots, (a), (b), and (c), of four plants each. They were then 
treated as follows: 

(a) Four plants dipped in 40 per cent nicotine sulphate (1-500) plus laundry 

soap 1 ounce to 1 gallon of solution. 
(b) Four plants dipped in 40 per cent nicotine sulphate (1-800) plus laundry 

soap 1 ounce to | gallon of solution. 

(c) Four plants as check; no treatment. 

In each case the plants were constantly protected by covering them 
with an ordinary lantern globe, the free end of which was screened 
with a double layer of cheesecloth. The first dipping was done on 
March 29, while subsequent dippings were done on March 31 and April 
1,3,and8. The plan was to treat them at least every 2 or 3 days for a 
week or 10 days. Observations were taken frequently on the effect 
of the treatment both on the plants and on the eggs. These obser- 
vations were continued until the close of the experiment, April 30, at 
which time the plants were uncovered and placed in the open green- 
house. 

Results.—(a) Effect on plants: Sight burning was encountered 
with the 1-500 strength solution, but with the 1-800 solution no such 
trouble was evident. The check plants showed some sooty fungus 
which was probably due to the presence of honeydew secreted by 
aphids. (b) Effect on eggs: During the first few days the eggs showed 
normal development within the shell on the treated plants, but larve 
failed to hatch from them, and no galls developed. On the check 
plants all of the eggs hatched successfully and many galls developed 
to maturity. 

Conclusions.—The expectations were fully confirmed by the re- 
sults obtained, as was the case in experiment 1. The checks devel- 
oped healthy and normal galls while in the treated plants further 
development was promptly arrested. From the economical point of 
view it is safe to say that nicotine sulphate (1-800) plus the soap will 
control the egg stage effectively if properly applied. 

TREATMENT OF BOTH CLEAN AND INFESTED CUTTINGS. 

The importance of having all new stock free and clean from the 
immature stages of the midge and of having the control at all times 
closely related to the propagation of stock has already been referred 
to. The above points were tested by the following experiment. 

This test consisted of three parts. Lots 1 and 2 were clean cut- 
tings, while lot 3 consisted of infested cuttings. Each lot was sub- 
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divided into three divisions or rows, namely, (a), (b), and (c). The 
last, (c), in each case served as a check on (a) and (b), which were the 
treated rows. The first treatment consisted of dipping the cuttings 
directly after they were taken, and the subsequent treatments con- 
sisted in spraying daily for a period of 7 days thereafter with a solu- 
tion of the same strength. 

Lot 1 consisting of clean cuttings to be used as a check was kept in 
a separate and uninfested unit for the purpose of determining the 
effect of such treatment on the cuttings. Lot 2 consisting of clean 
cuttings and lot 3 of infested cuttings were both tightly screened and 
placed in a propagating frame in an infested unit. In this manner it 
was hoped to determine the effectiveness of such treatment when 
both clean and infested cuttings had to be grown together. 

LOD. 

Six clean cuttings in each row. 
Row (a). Nicotine sulphate (1-800) plus fish-oil soap 1 ounce to 1 gallon of 

solution. 

Row (b). Volatile nicotine sulphate (1-800) plus fish-oil soap 1 ounce to 1 gal- 

lon of solution. 
Row (c). Checks; not treated. 

Results.—During the period of treatment 1t appeared as though all 
the plants were affected slightly. Row (a): The lower leaves of all 
the cuttings turned yellow, but 10 days after treatment was discon- 
tinued all but one cutting were in fine condition. Row (b): Even 

though no direct signs of burning were evident, the plants appeared 
sickly during the second and third treatments. Ten days after the 
discontinuance of the treatments the cuttings were in better condi- 
tion than either (a) or (c). The check row (c) was slightly affected 

due to its proximity to the treated rows. Ten days after treat- 
ment was stopped only two plants were in good condition and one 
was poor. 

The conclusion to be drawn from this test is that the method of 
treatment under (b) was probably the better of the two. 

LOT 2. 

Seven clean cuttings in each row. Placed in infested unit after 
first treatment. 

Row (a). Nicotine sulphate 40 per cent (1-1,000) plus fish-oil soap 1 ounce to 

1 gallon of solution. 

Row (b). Volatile nicotine sulphate 40 per cent (1-1,000) plus fish-oil soap 

1 ounce to 1 gallon of solution. 

Row (c). Checks; no treatment. 

Results.—Although this dosage was weaker than that used in lot 1, 
it affected the cuttings much more. After the second and third 
treatments the plants all looked wilted. Ten days after the last 
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application all the cuttings but one in row (a) were dead. In row 
(b) all looked very poorly. In (c), the check row, one cutting’ was 
dead while all the remainder looked fairly healthy. 

Conclusions.—It appears that the variety may have played an 
important part in this case. In this lot, as was so evident in the 
previous treatment, (a) causes injury, while (b) gives a double bene- 
fit—first, it does not cause injury; and second, it protects the plant. 
The midges spread to the check row (c), and two galls had adults 
emerge from them. 

LOT 3: 

Three rows of seven infested cuttings each. 

Row (a). Nicotine sulphate 40 per cent (1-1,000) plus fish-oil scap 1 ounce 

to 1 gallon of solution. 

Row (b). Volatile nicotine sulphate 40 per cent (1-1,000) plus fish-oil soap 1 

ounce to | gallon of solution. 

Row (c). Check; not treated. 

Results.—This variety stood up much better than did that in lot 2. 

Row (a). Slight burning evident. In fair condition 10 days after treatment. 

Row (b). Only two poor plants; no burning. All recovered 10 days after 

treatment. 

Row (c). All plants in good condition, slightly better than row (b). No 

galls developed. 

Either treatment (a) or (b) might be used successfully. 

FINAL CONCLUSIONS. 

Comparing the three lots with one another the following conclu- 
sions may be drawn: The practices described injure the cuttings 
only slightly and afford reasonable protection from the midges. 

EXPERIMENTS ON CONTROL OF GALL STAGE. 

The final consideration concerns the control of the gall stage, 
which is the hardest to combat. Owing to the habit of the larvee 
of burrowing into the plant tissues, the chief difficulty is that most 
spraying mixtures when applied to foliage fail to exert their toxic 
properties against the insects contained therein. This may be 
accounted for by the resistance of the leaf structures to penetration 
by insecticides, 

EXPERIMENT 1. 

A preliminary experiment, in which was used 1 part 40 per cent nico- 
tine sulphate to 250, 500, and 1,000 parts water, respectively, to which 

fish-oil soap or laundry soap at rate of 1 ounce to each gallon of 
solution was added, showed conclusively that one application was 
entirely ineffective in controlling the gall stage. The data which 
were taken at various intervals showed that the adults emerged 
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successfully and continually. Hence, it was decided to test out 
_the efficiency of several applications when made two and three days 
apart. The test is given in the next paragraph. 

EXPERIMENT 2. 

In the treated lots five plants were used for (a), (b), (e), and (f), 
and six plants for (c) and (d) for each test. The plants used had 
been growing in pots. Only two plants were used in both checks. 
The dipping was done as indicated every two or three days. Obser- 
vations were taken daily. 

TABLE VI.—Results of experiment 2. 

| | Percent- 
| 

Started. Closed. Treatment. | aR ae | aan Remarks and conclusions. 

ciency. 

1919. H 
(a) May 1...| May 10..| Nicotine sulphate (1-500), 217 123 | 56.6 | Greatest efficiency with- 

fish-oil soap 1 ounce to | in 24 hours of treat- 
1 gallon. ment. 

(b) May 1...| May 10..| Nicotine sulphate (1-800), 152 86 56.5 | Same as above. 
fish-oil soap 1 ounce to | 
1 gallon. : | 

(c) May 19. .] May 23..| Nicotine sulphate (1-1,000), 45 30 66.6 | Lower leaves turned yel- 
fish-oil soap 1 ounce to 1 | low and died on most 

é gallon. | plants. 
(d) May 19..] May 23.-| Volatile nicotine sulphate 72 35 48.6 | Slight blackening of tips 

(1-1,000), fish-oil soap 1 on larger leaves. 
ounce to i gallon. 

(e) May 1...] May 10..| Linseed-oil emulsion plus 80 2 2.5 | Not efficient. 
| _ nicotinesulphate(1-800).) 

(f) May 7....| May 9...| Fish-oilsoap 1 ounce to1 | Many. 0 0 Allemerged successfully; 
| _ gallon. | | not efficient. 

(ey Mayates “I May 1042) Checks i032 sooo aese wie ae | Many. | 0 0 Allemerged successfully. 
Mi) eMiaval9 Sale May235:| Check S202. fs | Many. | 0 0 | Same as above. 

Discussion of resulis—The data represented in Table VI are 
self-explanatory as to the relative value of the various strengths 
and combinations of insecticides. The mathematical representation 
of the first two lots does not clearly define the actual state of affairs. 
It was repeatedly observed that on the day following treatment the 
number of adults killed was usually larger than on the second or 
third day. In other words, the effectiveness of such practices de- 
pends entirely on the interval which elapses between applications, 
and the conclusion to be drawn is that nightly or daily applications 
are absolutely necessary to get the maximum killing. The insecti- 
cide proved to be effective in killing the adult in the act of emer- 
gence, but did not sufficiently penetrate the tissues of the leaves to 
kill the immature stages within the galls. The column ‘‘Total 
killed” is understood to mean the killing of the adult\in the process 
of emergence (Pl. II, B). It is also important that the treatment 

should be applied when the adults are almost ready to emerge from 
the galls. 
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EXPERIMENT 3. 

In the foregoing experiment it will be observed that good results were 
obtained with the nicotine sulphate diluted to 1-800. Another point 
upon which it seemed desirable to have more definite information 
was the effectiveness of applications made daily compared with 
those made two days apart. In the following experiment two lots 
were treated, while the third lot served asa check. The empty galls 
were punctured and all old pupal skins were removed from the 
plants in question. Eighteen plants were employed in each of the 
two treated lots, which were sprayed a total of five times. Five 
plants served as a check. 

TaBLE VII.—Results on first and second days after treatment. 

Results first day after | Results second day after 
treatment. treatment. 

Lot. Treatment. a cr ; 7 

Fe- | Total | Pupal .| Fe- | Total | Pupal 
Males.| males.| killed.| skins. | “!@leS-| mates.| killed.| skins. 

1 | Nicotine sulpnate 40 per cent (1-809) | 
QNGISOADss- 8h seme ome eae 38 | 43 | 81 15 1 A 2 16 

2 | Volatile nicotine sulphate 40 per cent | | 
(1=800) and soap. 2225.02... 25225022 18 18 | 36 22 1 2 3 23 

Di OHECKS a Sis Sacs hast ecankt ee oe eS ee 0 2 | 2 (4 edocs eos ool teeeees eee 

Conclusions.—The results are very conclusive and show distinctly 
that the best results are obtained by daily application. There is a ° 
remarkable decrease in the numbers caught cn the second day fol- 
lowing treatment. Nicotine sulphate, therefore, used at the rate of | 
1-800 plus soap (1 ounce to 1 gallon) will control the adult on emer- 
gence, and hence is very well adapted to such cases where fumigation 
can not be followed consistently. 

EXPERIMENTAL WORK IN COMMERCIAL CHRYSANTHEMUM GREENHOUSES. 

Experimental work in a commercial greenhouse in Baltimore 
during the summer of 1918 seems to indicate that the chrysanthemum 
midge can be held well under control by spraying the infested plants 
with 40 per cent nicotine sulphate applied at the rate of 1 part of 
nicotine sulphate to 500 parts of water, with the addition of one- 
half ounce of soap to each gallon of solution. No appreciable injury 
followed the application, although the plants were sprayed every 
other day for a period of six weeks. The application of this treat- 
ment by the grower resulted in his producing especially fine chrys- 
anthemums. It would appear that a double benefit was realized 
by such practices. In the first place it controlled the insect, and, 
secondly, a distinct stimulation of growth followed. This seems to 
confirm the work of Gossard (30) and Guyton (31), who claim that 

40 per cent nicotine sulphate diluted with 500 parts of water and 
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fish-oil soap will kill the adult almost immediately after emergence, 
if the spray is applied not more than three or four days previously. 
A separate sash house was erected closely adjoining the greenhouse 

in which the spraying was done. Here 100 plants were fumigated 
nightly for approximately eight weeks, tobacco paper at the rate of 1 
sheet to every 650 cubic feet of space being used. While some burning 
resulted, the midge was held in check. From these two experiments 
it is evident that either practice would be efficient. 
A large commercial grower in Indiana reports that following in- 

structions of this bureau he entirely eliminated the midge from his 
houses by fumigating with tobacco papers every night from December 
20, 1917, to March 20, 1918. 

Experiments conducted in several greenhouses in the District of 
Columbia in 1919 have indicated that consistent nightly fumigation 
is very effective in keeping down this insect. In several places where 
this was not advisable an effective spray was applied, consisting of 
nicotine sulphate (1-800) plus soap (one-half ounce to 1 ounce to 
each gallon of solution). 

SUMMARY OF CONTROL AND RECOMMENDATIONS. 

From the life history, as well as from the experimental data thus 
far submitted, it is clear that certain points must be kept in mind 
if the best practical results are to be secured. First, several genera- 
tions are always present in greenhouses during the spring and fall 
occurrences ; second, the adults emerge and mate during the very early 
morning hours, and egg laying quickly follows; third, preliminary 
control experiments show that the egg stage may be controlled by 
means of spraying or dipping the cuttings or plants; fourth, it has 
been demonstrated that the adult can be killed easily at the time of 
emergence by consistent spraying; fifth, fumigation experiments 
in a commercial house proved that the adult is easily killed by fumi- 
gation either with nicotine papers or hydrocyanic-acid gas; sixth, 
experiments applicable to general propagation practices show con- 
clusively that such measures offer a reasonable safeguard and pro- 
tection against doubtful stock and infested material without injury 
to the plants. 
By adherence to a definite control program, involving any of the 

above cited measures, either singly or in combination, the insect 
can be readily controlled. 

In case of a very light infestation daily picking of gall-infested 
leaves will hold the pest in check. Should this practice prove ineffec- 
tive, nightly fumigation for a period of two or three weeks may be 
resorted to. 
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When a severe infestation is encountered the most heavily infested 
plants should be taken out immediately and burned. 

This should then be followed by either fumigation or spraying as 
outlined below. 

Fumigate every night, with either nicotine papers or hydrocyanic- 
acid gas, for a period of at least six weeks. This will kill all the 
adults that emerge during such a period and at the same time will 
prevent the further laying of eggs for future generations. The 
dosage need not be very heavy in either case. When nicotine papers 
are used one sheet to every 1,000 cubic feet of space will suffice. 
If hydrocyanic-acid gas 1 is employed, one-eighth to one-fourth ounce 
per 1,000 cubic feet will kill all of the adults. The use of hydro- 
cyanic-acid gas is not recommended unless in the hands of a competent 
fumigator, owing to its deadly poisonous effects. Too much emphasis 
can not be laid on the fact that the fumigation must be set off after 
12 o’clock, midnight, to be effective. It is preferable to start the 
generation between the hours of 12.30 a.m. and 2a.m. Any fumi- 
gation done before midnight would be useless for it has been pointed 
out that the adult does not emerge until after midnight. On the 
other hand, if it is started later than 2 a. m. many adults will have 
emerged and laid their eggs. 

In case fumigation is not advisable, especially where chrysanthemum 
plants are isolated or when other varieties of plants are present in the 
houses, spraying is recommended. This must be done consistently for 
a period of four to six weeks, a 40 per cent solution of nicotine sul- 
phate extract diluted (1-800) being used, and soap added at the rate of 
one-half to 1 ounce per gallon of solution. The application should be 
made late in the afternoon in order that the best results may be 
obtained. In this manner practically all adults can be killed at the 
time of emergence and any eggs present will be destroyed. 

PREVENTIVE MEASURES. 

It has been proved that the means of disseminating this insect 
has been the shipment of infested chrysanthemums, both plants and 
cuttings. Interceptions made by the various State inspection 
officials, as well as by inspectors of the Federal Horticultural Board, 
definitely confirm this fact. It is therefore imperative that only 
clean plants and cuttings be brought into commercial houses where 
chrysanthemums are growing or to be grown. Growers should care- 
fully examine all chrysanthemums received and see that all material 
intended for shipment or distribution is free from this pest. Any 
questionable material should at once be submitted to the State 

1 For further information on the use of hydrocyanic-acid as in fumigating greenhouses, see Farmers’ 

Bulletin 880. 
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experiment station or to the Bureau of Entomology, United 
States Department of Agriculture. 

The California Experiment Station (18) recommends the practice 
of growing the bulk of the chrysanthemum crop under cloth as a satis- 
factory means of preventing the attack of the gall-fly. 

As a further preventive measure, it is recommended that cuttings 
be dipped in the following solution at the time they are taken: 

Nicotine ae AQMP erKCe mG Psa Ne un Base Ne eG eI parte. el 

Water. . ERNE es aN ae eS MG ah race A CI a ce, La .-parts.. 800 
uemmtiians BORDEN see yeep a occa eeu ee ounce per ¢g saree. 4-1 

Another satisfactory method of securing chrysanthemum cuttings 
free from the midge when the previous season’s stock has been infested 
is to plant the stocks in benches or cold frames directly after the 
season’s crop has been removed. This should then be followed by 
thorough treatment with a mixture consisting of equal parts of dry 
or air-slaked lime and tobacco dust. It is advisable to keep all new 
growth covered with the mixture until further operations in the 
spring. 
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1892. Die Gallmiicken des kéniglichen Museums fiir Naturkunde zu Berlin. 
In Berl. Ent. Zeitschr., v. 37, p. 319-412. 

Page 375: Records synonymy and gives list of 19 species. Among them appears 

(as No. 7) Cecidomyia hypogaea Fr. LOw, as mentioned by him in reference (3). 

(5) Krerrer, J.-J. 

1897. Synopse des Cécidomyies d’Europe et d’Algérie. Jn Bull. Soc. d’Hist. 
Nat. de Metz, Cah. 20, 2nd ser., v. 8, p. 1-64. 

Page 21: Mentions occurrence of subterranean galls on C. atratum and C. leucan- 

themum. 

(6) = 
1897. Rectifications synonymiques. Jn Bul. Soc. Ent. Fr., 1897, no. 16, p. 

261, par. 6. 

(7) 
1900. Monographie des Cécidomyides d’Europe et d’Algérie. In Ann. Soc. 

Ent. Fr., v. 69, p. 180-472. 
Pages 351 and 353: Mentions injury to chrysanthemums caused byRhopalomyia hypo- 

gaca F. Low. 
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(8) Batpratr, J. 

1900. Appunti di Ceciologia. Jn Nuovo Giorn. Bot. Ital., v. 7, n.s., p. 5-95. 

(No. 86. Rhopalomyia hypogaea (¥. Low) Kieff.) 
Pages 40-41: Describes formation and appearance of gall. 

(9) Kerreész, C. 

1902. Catalogus Dipterorum, v. 2. Mus. Nat. Hung., Leipsic. 
Page 69: Refers to changes in synonymy, habitat, and hosts. 

(10) Lemég, E.} ; 
1902. Alencon. Bul. Soc. Hort., sep., p. 38, no. 131. 

(11) Hovarp, C. 

1909. Les Zoocécidies des plantes d’Europe et du bassin de la Méditerranée. 
v. 2, p. 988-990; v. 3, p. 1483. Fig. 1533. 

Describes in detail the injury caused by R. hypogaea F, Low on C. leucanthemum, 

C. corymbosum, C. atratum, C. japonicum, and C. myconis. 

(12) Kuster, E. 
1911. Die Gallen der Pflanzen. 

Pages 77 and 274: Reference to galls on subterranean roots. 

(13) Kierrer, J.-J. 

1913. Genera Insectorum. Diptera. Fasc. 152. 
Page 44-46: Refers tosynonymy and describes characteristics of the genus Misospatha. 

(14) Fett, E. P. 

1915. A new chrysanthemum pest. Jn Am. Florist, Apr. 10, v. 44, p. 612. 
Popular article mentioning its first appearance in the United States, and describing 

nature of injury caused by this insect. 

1S) 
1915. A new chrysanthemum pest. In Tree Talk, v. 2, no. 4, p. 27. 

Identical with (14) 

6): 
1915. A new pest, the chrysanthemum midge (Rhopalomyia hypogaea H. Lw.). 

In Jour. Econ. Ent., v. 8, no. 2, p. 267. 
Four hosts mentioned, otherwise practically identical with information contained 

in (14) and (15). : 

(17) DanittcHENKO, J. N.} 

1916. Chrysanthemums and their cultivation. Jn Garden Lib. Suppl. to 
Prog. Hort. amd Market Gardening. Petrograd. Résumé taken 

from Rev. App. Ent., v. 4, ser. A, p. 164. 
References made to injury to chrysanthemums by Mysospatha ( Cecidomyia) hypogaea. 

(18) Essie, E. O. 

1916. The chrysanthemum gall-fly, Diarthronomyia hypogaea (F. Low). In 
Jour. Econ. Ent., v. 9, no. 5, p. 461-468. 
Comprehensive article giving description, life history, nature of work, distribution, 

food plants, control, parasites, and bibliography. Figs. 

(19). Perr, E. P. 

1916. New western gall midges. Jn Jour. N. Y. Ent. Soc., v. 24, no. 3, p. 

175-196. 
Pages 192-193: Gives key to five species of Diarthronomyia, including D. hypogaea 

F. Low. 

) 
1916. Chrysanthemum midge. Jn 31st Rept. State Ent. of N. Y. on injurious 

and other insects of the State of New York, 1915. State Mus. Bul. 

No. 186, p. 51-55. Fig. on p. 198. 
Comprehensive account giving injuries, food plants, recognition characters, technical 

description, life history, distribution and future probabilities, control measures, and 

bibliography. 

1 Not available for reference. 
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(21) Gipson, A. 

1916. Reports on insects of the year. Division No. 1, Ottawa district. Jn 46th 
Ann. Rept. Ent. Soc. Ont., 1915, p. 11-14. 

Page 14: Notes on occurrence and control. 

(22) TREHERNE, R. C. 

1916. Insects affecting agriculturists in British Columbia during the past 
year. In Agr. Jour. Victoria, B. C., v. 1, no. 10, Dec., p. 168. 

3 Mentions first occurrence and control. 

(23) Weiss, H. B. 

1916. The more important greenhouse insects. N. J. Agr. Exp. Sta. Bul. 296. 

42 p. 
Page 15: Gives résumé of the salient points in Dr. Felt’s article contained in Jour 

Econ, Ent., v. 8, p. 267. 

(24) Borpen, A. D. 

1917. Chrysanthemum midge. Jn Am. Florist, v. 48, no. 1513, p. 1061-1062. 

June 2. 
Comprehensive popular article on distribution, economic importance, life history, 

and control, with illustrations. 

(25) Grason, A. 

1917. The chrysanthemum midge. In 47th Ann. Rept. Ent. Soc. Ont., 1916, 

p. 118-120, pi. 
Comprehensive account containing life history, habits, nature of injury, and means 

of control. 

(26) Hewirt, C. G. 

1917. Report of the Dominion Entomologist for 1916. Can. Dept. of Agr. 73 p. 

Report of the Dominion Entomologist for 1917. Can. Dept. of Agr. 24 p. 
D. hypogaea contained in list of insects occurring in Canada. 

(27) Smrru, E. D. 

1917. Chrysanthemum midge or gall fly. Jn Am. Florist, v. 48, no. 1515, June 
16, p. 1155. Illus., p. 1154. 

(28) Snoperass, R. E. 

1917. Some of the important insect pests of Indiana. Jn 9th Ann. Rept. State 
Ent. Ind., 1915-16, p. 105-230. Thus. 

Pages 149-151: Comprehensive article on injury, life history, distribution, and control 
of the chrysanthemum gall-fly. 

(29) Bourng, A. I. 

1918. Massachusetts. Jn United States Dept. Agr. Emergency Ent. Service, 
No. 11. Mav 1, p. 31. 

Mentions occurrence in Massachusetts. 

(30) Gossarp, H. A. 

1918. Ohio. Jn United States Dept. Agr. Emergency Ent. Service, No. 11. 
May 1, p. 36-37. 

Reports fairly satisfactory method of control by spraying with 40 per cent nicotine 
sulphate diluted (1-500) and fish-oil soap. 

(31) Guyton, T. L. 

1919. Nicotine sulphate solution as a control for the chrysanthemum gall midge. 
Jour. Econ. Ent., v. 12, no. 2, p. 162-164. Illus. 

(32) Brirron, W. E. 
1919. Miscellaneous insect notes. Jn Bul. 211, 18th Rept. of State Ent. for 

1918. Conn. Agr. Exp. Sta., p. 342-350, pl. 36, b. 
Pages 345-346: Briefly mentions occurrence with notes on life history and control. 
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INTRODUCTION. 

That another exotic insect with possibilities for damage to agricul- 
ture has become established in America, that it is now quite widely 
distributed, and that it has already begun to make itself felt was 
brought to light during the summer of 1918. In view of its probable 
future importance and the consequent desirability of learning as soon 
as possible the facts about its distribution, food plants, and injuri- 
ousness, it is deemed expedient to bring the matter to the notice of 
entomologists and others through publication at this time of such 
information as is at hand.? 

1Trachelus tabidus (Fab.). 

27The writer is indebted to Miss Margaret Fagan, of the Bureau of Entomology, for 

compilation of the appended bibliography ; to Messrs. W. R. McConnell, P. R. Myers, and 

W. J. Phillips, also of the Bureau of Entomology, for reared and collected material and 

notes which were invaluable in establishing the identity and distribution of the insect; 

to Dr. J. Chester Bradley, of Cornell University, for larval material of Cephus pygmaeus 

as well as useful suggestions regarding characters for separating the larve; and to 

Messrs. 8S. A. Rohwer and Wm. Middleton for numerous helpful suggestions. 

148465 °— 20—Bull. 8841 
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HISTORY OF DISCOVERY GF THE INSECT IN AMERICA 

Specimens of a sawfly were collected by C. W. Johnson at River- 
ton, N. J., some time prior to 1899, the exact date unknown. These 
were submitted to Dr. W. H. Ashmead for determination and pro- 
nounced by him a new species, to which he gave the manuscript name 
of Calameuta johnsoni. Under this name, misspelled Calamenta john- 
soni, the record was published, without description, in the second edi- 
tion of Insects of New Jersey, by John B. Smith (39).1 A description 
based on these specimens was later published by Ashmead (40). Sub- 
sequently the type specimens were examined by Dr. J. Chester Brad- 
ley, who recognized in them the European species Tvachelus tabidus 
Fabricius, and under this corrected name the record of the original 
collection was again published in the third edition of Insects of New 
Jersey (45). At that time, and for some time thereafter, nothing 
was known of the food plants of the species in this country. Such 
European records as existed were in the Russian literature, and be- 
cause of difficulty in translation were largely overlooked. Since 
Trachelus tabidus was not known to be causing any injury, no par- 
ticular attention was paid to it. 
During the summer of 1918 a complaint was received by the Bu- 

reau of Entomology from a correspondent at Gaithersburg, Md., re- 
garding the work of some insect which had caused his ripening wheat 
to fall badly, and the writer was detailed by Mr. W. R. Walton, in 
charge of Cereal and Forage Crop Insect Investigations, to investi- 

gate the outbreak. 
Specimens of the injured stalks were received from the corre- 

spondent, some of which proved to contain larve of what was readily 

determined as a species of Cephidae. The insect was at first thought 
to be either Cephus pygmaeus Linnaeus or Cephus cinctus Norton. 
The former species had been known in the vicinity of Ithaca, N. Y., 
many years before, but so far as the records indicated, had succeeded 
in spreading but little from the point of original infestation and had 
never been recorded as seriously injurious. Cephus cinctus was 
known only from the western United States and was not believed to 
occur east of the Mississippi River except for a few localities in 
Michigan. 
When the Maryland infestation was brought to the attention of 

Mr. S. A. Rohwer, specialist on sawflies, of the United States Depart- 
ment of Agriculture, Bureau of Entomology, he at once suggested 
the possibility that the insect might be Zrachelus tabidus Fabricius. 
Several adult specimens of this species in addition to those originally 
taken at Riverton, N. J., were in the United States National Museum. 
These, as shown by the labeling, were collected at two or three differ- 

1 Numbers in parenthesis refer to ‘‘ Literature cited,” p. 14. 
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ent points in Maryland and Pennsylvania. The fact that Z’rachelus 
tabidus was thus known to occur in the region of the infestation and 
that it was the only species of Cephidae known to occur there which 
would be likely to have the habit attributed to this one, at once es- 
tablished a strong probability that it was the species concerned. 
This suspicion was confirmed when Messrs. W. R. McConnell and 
P. R. Myers, who had been engaged for several years in investigating 
the insect enemies of wheat and other cereals for the Bureau of Ento- 
mology in Maryland and Pennsylvania, turned over to the writer all 
of the sawfly material which they had secured from that region. 
This material all proved to be Trachelus tabidus and included sev- 
eral specimens which had actually been reared from wheat stubble 
in breeding cages, as well as numerous specimens collected by sweep- 
ing wheat. The reared material left little doubt as to the identity of 
the depredator in question. Reference to the European literature, 
especially that by a number of the more recent Russian entomologists, 
regarding Trachelus tabidus, cleared up whatever lingering doubts 
might still have existed. 

The manner in which this insect became ere bucteds in America is 
unknown and probably will remain a mystery. Any surmise as to 
the probable manner of introduction would be valueless and since it 
could have no effect upon the fact that it probably has come to remain, 
is omitted. 

COMMON NAME OF THE SPECIES. 

In Russian literature this species is referred to as the black sawyer 
or black sawfly because of its nearly uniform black color. The writer 
has ventured to modify this name to some extent by calling it the 
black grain-stem sawfly. This name is descriptive of the insect as 
well as of its habit and at the same time minimizes the possibility of 
confusion with other black species of sawfly. 

DISTRIBUTION. 

OLD-WORLD DISTRIBUTION. 

André (33) records the species as occurring in England, France, 

Sweden, Spain, Germany, Italy, Algeria, and Syria. Cameron (35) 
in his “Monograph of the British Phytophagous Hymenoptera ” 
gives practically the same distribution, omitting France. Konow 
(42) in Genera Insectorum cites middle and southern Europe, Algeria, 
and Asia Minor. Several writers, including Shtchegolev (49), Kurd- 
jumov (48), Uvarov (50, 54), Zolotarevsky (53), and Borodin (52), 
have recorded it more recently from central and southern Russia, 
while Kulagin (47) states that Cephus pygmaeus and Trachelus 
tabidus have been recorded from 26 different governments of Russia. 
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From this it will be seen that the species occurs in all three Old 
World continents, being present throughout most of the middle and 
southern European countries, southeastern Asia, and northern Africa. 
Tt is probable that it will eventually be found to be present through- 
out most of the remaining regions where wheat is grown in Europe 
and eastern Asia, as well as northern Africa. 

DISTRIBUTION IN AMERICA. 

The present distribution in America, gleaned from the writer’s in- 
vestigations, the records of Messrs.. McConnell and Myers, which 
were kindly placed at his disposal, specimens in the United States 
National Museum, and a note furnished by Dr. J. Chester Bradley, 
includes localities in six States, viz: New Jersey, Virginia, Delaware, 
Maryland, Pennsylvania, and New York. 

The localities where the insect is at present known to occur, to- 
gether with the date of collection and the name of collector, are as 
follows: 

Riverton, N. J., adults collected by C. W. Johnson, May 29 (year not given 

but prior to 1899); East Falls Church, ‘Va., hibernating larvee in wheat and 

rye stubble, A. B. Gahan and 8. A. Rohwer, collectors, August 6, 1918; War- 

renton, Va., larve collected in August, 1918, by W. J. Phillips; Harrington, 

Del., larvee collected in wheat stubble by W. R. McConnell; Wolfsville, Md., 

adults swept in clover field by J. A. Hyslop, June 6, 1914; Hagerstown, Md., 

adults swept from wheat by P. R. Myers and W. R. McConnell, May 15, May 25, 

June 4, 1915, and May 24 and June 8, 1916; Hagerstown, Md., adults reared 

from wheat stubble by P. R. Myers, May 10, 1916, and by W. R. McConnell, 

May 8, 1917; Taylors Island, Md., adult reared from wheat stubble by W. R. 

McConnell, March 21, 1917; Great Falls, Md., adult swept by Frederick Knab, - 

May 24, 1914; Germantown, Md., larve injuring wheat received from a cor- 

respondent by the Maryland State College of Agriculture, and recorded under 

the name of Cephus pygmacus in Report of Maryland State Horticultural 

Society, 1914; Gaithersburg and Laytonsville, Md., hibernating larvee collected 

by A. B. Gahan in wheat stubble, July 22, 1918; College Park, Md., hibernating 

larve in wheat by A. B. Gahan, July 24, 1918; Berwyn, Md., hibernating 

larve in rye stubble collected by A. B. Gahan, July 30, 1918; Laurel, Md., 

hibernating larve in wheat stubble, by A. B. Gahan, July 26, 1918; Towson, 

Md., hibernating larve in wheat stubble, by A. B. Gahan, August 2, 1918; 

Warfordsburg, Pa., adult reared from wheat stubble by P. R. Myers, June 5, 

1916; Hunters Run, Pa., adult reared from wheat stubble, W. R. McConnell, 

May 7, 1918; West Chester, Pa., adult collected by H. L. Parker, June, 1915; 

Linglestown, Pa., adults collected by H. B. Kirk and A. B. Champlain, May 26, 

1908 ; Herndon, Pa., adults, collector unknown, June 6, 1907; State College, Pa., 

adult swept in clover by W. R. McConnell, May 30, 1911; Carlisle, Pa., larvee 

collected July 238, 1918, by C. C. Hill, and July 31, 1918, by W. R. McConnell; 

Mt. Holly Springs, Pa., larvee collected in wheat stubble, June 25, 1918, by 

McConnell and Myers. 

In addition to these records Dr. J. C. Bradley states that he has 
seen one adult specimen in the collection of the Brooklyn Museum 
from Long Island, N. Y. 
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These records probably indicate only approximately the present 
distribution (fig. 1) of the species. A more extended investigation 
will be necessary to establish the exact limits. The records are 
sufficient to establish a probability that it already occurs over the 
greater part of Virginia, Maryland, Pennsylvania, New Jersey, and 
Delaware, and it is possible that West Virginia, eastern Ohio, 
southern New York, and even some of the New England States may 
already be included within its range. 

PROBABLE FUTURE DISTRIBUTION IN AMERICA. 

Judging by its wide distribution in the Old World, as well as by 
the character of localities already included within its range in this 
country, including both 
tidewater and mountain 

districts, there seems little 
reason to doubt that the 
species will eventually 
spread over all the wheat- 
growing sections of the 
eastern and central United 
States. Whether it will 
accommodate itself to the 
arid and semiarid wheat- 
growing districts of the 
West is matter for specu- 
lation. The average pre- 
cipitation of this region 
does not differ greatly 
from that of southern 
Russia, where the species seems to be at its worst. The mean 
temperatures of the two regions probably are not widely differ- 
ent. It seems possible, therefore, that unless some other climatic 
or physical factor intervenes, the species may spread eventually from 
coast to coast. That it will spread northward into Canada may be 
doubted, since in Europe, although recorded from Sweden, it seems 
not to occur generally in the colder northern portion. 

Fie. 1.—Present known distribution of Trachelus 

tabidus in America. 

FOOD PLANTS. 

FOOD PLANTS IN EUROPE. 

In European literature, with one exception, the records of food 
plants of Trachelus tabidus are by Russian entomologists. Rudow 
(48), in speaking of Cephus satyrus Panzer, C. nigrinus Thomson, C. 
pallipes Klug, C. arundinis Giraud, and C. tabidus Fabricius, makes 
the general statement that in southern Europe these species live in 
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Triticum repens, Bromus, Holcus, and reeds or bulrushes, without 

specifying which plants serve as host plants for the different species. 
The record is, therefore, too general to be of much value in the 
present circumstances. 

The Russian records are more specific and apparently all refer 
to infestation of small-grain.crops. Shtchegolev (49) records the 

' species as a serious pest of wheat; Borodin (52) reared it together 
with Cephus pygmaeus from barley and both spring sown and 
winter sown wheat; Kulagin (47) states that it infests rye and wheat 
in the Province of Taurida. Various other Russian writers, includ- 
ing Uvarov (50) (54), Zolotarevsky (53), and Kurdjumov (48), have 
recorded the species as attacking the grain crops, principally wheat. 

FOOD PLANTS IN AMERICA. 

Thus far in America only wheat and rye are known to serve as 
food plants. Only two instances of its occurrence in rye are known, 
both observations having been made by the writer during the past 
summer. In each instance in which it was found in rye only one 
infested stalk was located in the field, although careful search was 
made. Although several fields of oats stubble were examined more 
or less carefully, no infestation of this crop was observed even when 
the oats were in close proximity to infested wheat fields. No oppor- 
tunity to examine barley has offered itself. 

It appears fairly certain that of the cultivated grain crops wheat 
will prove to be its preferred food plant. As stated elsewhere, the 
writer was able to find larve in varying quantities in every wheat 
field visited in the course of the limited investigation carried on 
during the summer of 1918. 

That the species eventually will be found to infest plants other 
than the small grains is possible. The related species, Cephus 
cinctus, which also infests the small-grain crops in our Western 
States, is known to have a long list of food plants among the coarser 
grasses, both wild and cultivated. Cephus cinctws is believed, how- 

ever, to be a native species whose original food plants were wild 
grasses and whose habit of attacking the cultivated grains has been 
induced through elimination or reduction of its natural source of 
food supply by the development of agriculture. Present informa- 
tion indicates that the natural food plants of Trachelus tabidus are 
the small grains, although it may yet prove to have other hosts in 
Europe. It is doubtful whether the species which has been trans- 
planted from its native habitat to America will find it possible to 
develop in our native grasses. Only future investigation can de- 
termine. The possibility of its being able to maintain itself upon 
grasses other than the small grains should be borne in mind, and 
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such grasses as Elymus, Bromus, Agropyron, and in fact any of the 
cultivated or wild grasses whose seasonal development is such as to 
provide a succulent stem of sufficient size to accommodate the larvee 
during the period of larval activity, May and June, should be viewed 
with suspicion. 

SYNONYMY AND DESCRIPTION OF TRACHELUS TABIDUS. 

Since the original description by Fabricius (1), the name has 
undergone a number of generic transfers, and it has been redescribed 
or referred to under several specific names. 

It is the opinion of the writer, however, that some of the pub- 
lished synonymy is incorrect. Zvrachelus haemorroidalis Jurine (17) 
is listed as a synonym by Dalla Torre (88). The figure given by 
Jurine is not that of tabidus, but is undoubtedly identical with 
Cephus analis Klug (12). The latter name is generally recognized 
by European writers as a synonym of haemorrhoidalis Fabricius (2). 
Konow (41) includes Sivex macilentus Fabricius (9), Cephus erberi 
Damianitsch (80), and Cephus vittatus Costa (82) as color varie- 
ties of tabidus. The large number of specimens of tabidus examined 
by the writer show no variation in color comparable to macilentus 
as illustrated by Coquebert (10), and since other European writers 
generally have recognized this as a distinct species it has been ex- 
cluded from the synonymy. Cephus erberi is described as having 
the third to seventh dorsal abdominal segments banded with yellow, 
the band on the third segment interrupted, while the third to ninth 
ventral segments are said to be margined with yellow laterally. In 
no specimen of ¢abidus examined by the writer is there any indica- 
tion of a dorsal band of yellow on the abdomen nor are the ventral 
segments margined with yellow. Like macilentus, this species is 
therefore excluded from the synonymy. The description of vittatus, 
on the other hand, agrees closely with tabidus, and there seems to be 
no good reason why it should not be considered a pure synonym in- 
stead of a color variety. 

Following is the complete synonymy of ZVvachelus tabidus as 
understood by the writer: 

Trachelus tabidus (Fabricius) Jurine. 

Sirex tabidus Fabricius (1), (2), (4).—Villers (5)—Linné (6).—Christ 

(8).—Fabricius (9).—Coquebert (10).—Walckenaer (11).—Rossi 

(19).—Herrich-Schiffer (26).—Duméril (29). 

Tenthredo longicollis Fourcroy (8).—Villers (5). 

Astatus tabidus Klug (12).—Panzer (15). 

Cephus tabidus Fabricius (13).—Latreille (14).—Panzer (16).—Latreille 

(18).—Lepeletier (20).—Stephens (23).—Hartig (24).—Blanchard 

(25).—Lucas (27).—Costa (28).—Taschenberg (31).—André (33).— 

Cameron (34), (85).—Magretti (36).—Costa (37).—Dalla Torre (38). 
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Trachelus tabidus Jurine (17).—Curtis (22).—Konow (41), (42).—Rudow 

(48).—Kokujev (44).—MacGillivray (45).—IKholodkovsky (46).— 

Kulagin (47).—Kurdjumoy (48).—Shtchegolevy (49).—Uvarov (50).— 

Borodin (52).—Zolotarevsky (53).—Uvarov and Glazunov (54).—Mac- 

Gillivray (55).—Howatd (56). 

Cephus nigritus Lepeletier (20). 

Cephus vittatus Costa (82). . 

Calamenta johnsoni Ashmead (39). 

Calameuta johnsoni Ashmead (40). 

Cephus pygmaeus Cory (51), not Linnaeus. 

ADULT. 

Female—Long and slender, with abdomen somewhat compressed. Antenne 

longer than thorax, thickened at apex, third joint slightly shorter than fourth, 

third to eighth joints four to five times as long as thick, those beyond eighth 

gradually shortening, the ones in thickened portion of antennze subequal and 

not longer than broad; clypeus truncate at apex, with sharp lateral angles; 

occiput concave; greatest width of posterior orbit about equal to greatest trans- 

verse diameter of eye; pronotum elongate, nearly as long as broad, broadest 

at posterior margin, its sides more or less concave; mesoscutum and scutellum 

subequal in length; middle and hind tibize each with two apical spurs and 

hormally each with two (sometimes one only) superapical spurs located at 

about the apical one-third of tibize; abdomen much longer than head and 

thorax, subcompressed, with sheaths broad and slightly thickened at apex. 

Polished black; mandibles except at apex, small spot below tegule, apex of 

front femora within, inner side of front tibize for its whole length, spot at 

apex of median femora in front, a broad longitudinal stripe along lateral 

margins of dorsal segments, a lateral spot on seventh ventral segment, and a 

narrow marginal stripe on basal part of sheaths yellow; wings subhyaline, 

nervures and stigma black. (See Pl. II, A.) 

Male—Similar to female in general appearance and color. Last visible 

ventral segment of abdomen prominent:-and extending beyond last dorsal seg-~ 

ment; two ventral segments before last visible segment each with a broad, 

deep, horseshoe-shaped depression, within which is a transverse row of stiff, 

erect bristles. (See Pl. II, B.) 

The only species occurring in America, so far as known, with 
which this species is likely to be confused are Cephus cinctus Norton 
and Cephus pygmaeus Linnaeus. The female may be readily dis- 
tinguished by the fact that in both cinctus and pygmaeus the sheaths 
are narrower at apex than in the middle, and the dorsal segments 
are banded apically with yellow. The legs are also more largely 
yellowish. The male of tabidus differs from the males of the other 
two species in the presence of the horseshoe-shaped depression on 
the two ventral segments as well as by the color characters pointed 
out for the female. | 

OVERWINTERING LARVA. 

Body subcylindrical, yellowish white in color, 7 to 9 mm. in length, thoracic 

region slightly thicker than abdominal region. Living larve more or less tinged 

with greenish due to body contents. 

Head pale yellow, its dorso-ventral length 1.1 mm., breadth 1.1 mm. Anten- 

ne 5-jointed, tapering to a point at apex, more or less fuscous in color. Man- 

dibles four-toothed, brownish, their apices nearly black; labrum, sutures about 
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THE BLACK GRAIN-STEM SAWFLY OF EUROPE IN THE UNITED STATES. 

A, Trachelus tabidus: Lateral view of apical segments of larva; B, Cephus cinctus: 
Lateral view of apical segments of larva; C, Cephus pygmaeus: Lateral view of apical 
segments of larva. 
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TRACHELUS TABIDUS. 

A, Adult female: a, Lateral view of female abdomen, B, Adult male: 6, Ventral view of male 
abdomen. 
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clypeus, and articulations of mandibles brownish. Thoracic legs small, papilli- 

form, and pale brownish. Dorsal abdominal segments triannulate; pleura 

prominent; ventral segments triannulate; prolegs absent. (For further de- 

scription see Plate I, A, and key to larve.) 

Larve of this species are apt to be confused with those of Cephus 
pygmaeus and C. cinctus. All three species infest the small grain 
crops in practically the same manner, have very similar biologies, 
and superficially resemble one another closely. The following key in 
conjunction with the accompanying figures will, it is believed, make 
it possible to recognize them: 

KEY FOR SEPARATING GRAIN-INFESTING SAWFLY LARVA. 

1. Dorsal anal lobe of the tenth tergite viewed from the side triangular, slop- 

ing gradually from base to apex, the anterior end of lobe much thicker 

than the posterior end which is more or less acute. Spines on the anal 

prong each arising from a small, more or less chitinized tubercule and 

closely grouped about the apex of the enlarged fleshy portion just 

basad of the short chitinized apical ring. Eighth and ninth tergites ap- 

Patenthlyaeslaprousss 2222 oe 5se. eA Pe es ae Zs 

Dorsal and lobe viewed from the side not triangular, not sloping gradu- 

ally from base to apex but convexly rounded, the posterior end of the 

lobe as thick dorso-ventrally as the anterior end and nearly perpendicu- 

lar. Anal prong completely encircled by two irregular series of widely 

separated, short, stiff spines which do not arise from chitinized tubercules. 

Eighth and ninth tergites each with a transverse row of distinct short 

hans en(see -Blate il; As) teres ten wie pelos eet oe Trachelus tabidus Fab. 

2. Anal prong terminating in a short chitinized ring which is not as long as 

broad. Spines basad of chitinized ring few in number, confined to a single 

transverse row on the dorsal surface. Dorsal, lateral, and ventral lobes 

ail sparsely hairy.“ (See*Pl.1, At)ve sie. ses ii tee Cephus pygmaeus Linn. 

Anal prong terminating in a chitinized tube-like process which is distinctly 

longer than broad. Spines basad of the apical tube-like process numerous, 

arranged in two irregular contiguous series completely encircling base of 

tube. Anal lobes all more distinctly hairy. (See Pl. I, A.)__________ 
a A le lr ea aire Bl aa Cephus cinctus Nort. 

MANNER OF WORK AND PROBABLE LIFE HISTORY. 

Observations by the writer supplemented by those of McConnell 
and Myers, and confirmed in part by Kulagin (47) indicate that 
the life history of Trachelus tabidus does not differ greatly from that 
of the western grass-stem sawfly, Cephus cinctus. The early stages 
have not yet been observed in this country. Collections of adults 
in the field indicate that egg-laying takes place during the period 
May 15 to June 10. Some of the emergence records for reared 
specimens show somewhat earlier dates than May 15, but since 
these were obtained under the abnormal conditions of the labora- 
tory they may be disregarded. Kulagin indicates about the same 
period for egg-laying in Russia. 

148465°—20—Bull. 88342 
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_ The eggs are inserted in a slit made by the female in the stem 
some distance above the ground. The young larve burrow down- 
ward through the pith of the stem, hollowing it out to the base. 
The larve apparently attain full growth at about the time the 
grain is ripe. At the time the writer’s investigations were begun, 
July 22, they were full grown and had evidently gone into hiber- 
nation. The fully-developed larvae were, at this time, located at 
the extreme base of the stem, encased in a silken tube or lining 
to the burrow, this tube being two or three times the length of 
the larva and filling the hollow straw completely from about. the 
surface of the ground downward. Above this silken tube the bur- 
row is completely closed by a wad of frass. Before this wad of 
frass is put in place the larva almost completely severs the stem 
from the inside, this cut in nearly every case being at or very 
near the surface of the ground and usually a little above the . 
first node on the stem where the surface roots put out. In making 
this cut just enough of the epidermis of the straw is left unsevered 
to attach it lightly and allow it to stand erect. In consequence of 
this cut the first slight bending of the ripened straw, as by a strong 
wind, causes it to snap off and fall. 

Straws cut off by the insect are easily distinguishable from those 
severed by the harvester. The cut is exactly transverse to the stem 
and the ends of both the stub which remains in the ground and the 
fallen straw are distinctly concave or funnel-shaped. This appear- 
ance is so characteristic that one can readily detect the presence of 
the pest in a field by simply examining the ends of the fallen straws. 

The hibernating larva, as already stated, is to be found in the 
stub of the wheat stalk remaining in the ground. Since this stub in | 
most cases barely extends to the surface of the soil (sometimes a 
little above the surface), it is not always an easy matter to locate it. 
The fallen straws sometimes remain slightly attached on one side to 
the stub, and in such instances one can locate the infested stub by 
following the straw to its base. When the straw is completely de- 
tached, as is usually the case in a field that has been harvested, it is 
often necessary to search for some time before the stub containing the 
larva can be located. 

The greater part of the insect’s life cycle is apparently spent as a 
hibernating larva, this period extending from about the time the 

- wheat is ripe enough to cut until some time the following spring 
when the larva changes to the pupa. Just when this change takes 
place has not been ascertained, but the pupal state is probably of 
short duration, as in Cephus cinctus; if so, the change to the pupa 
probably occurs in the latter part of April or early part of May. 
Adults, as already stated, are to be found in the fields during the 
latter half of May and early June. 
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In the case of one male specimen reared from wheat stubble by 
McConnell, the insect was collected as a larva September 30, 1915, 
and emerged as an adult May 3, 1917. This shows that under some 
conditions the life cycle may be extended over a two-year period. 
Such instances are probably rare under natural conditions, but the 
record indicates a high degree of adaptability on the part of the 
species for overcoming unfavorable conditions. 

EXTENT AND CHARACTER OF INJURY. 

Shortly after receipt of the complaint from Gaithersburg, and be- 
fore the identity of the insect was known, the writer was detailed to 
visit the locality and investigate the nature and extent of the damage. 
Accordingly, on July 22, 1918, the farm of the correspondent, Mr. 
Beverly R. Codwise, was visited. It lies about 3 miles north of 
Gaithersburg on the road to Laytonsville, Md. Unfortunately the 
infested fields had already been harvested, making it practically im- 
possible to estimate the extent of the actual injury. It was evident, 
however, that there had been an appreciable loss due to falling of the 
grain, so that it could not be picked up by the binder. The writer 
was informed that comment by passers-by on the large amount of 
grain missed by the binder had first called attention to the injury 
and caused the investigation which resulted in the sending of samples 
to the Bureau of Entomology. 

Three other farms in the neighborhood of Gaithersburg were 
visited, on each of which the pest was located. Subsequently wheat 
fields in various other localities in Maryland and one in Virginia were 
visited, with the result that in every wheat field examined the insect 
was found to be present in varying abundance. 

No actual counts of infested straw were made by the writer in any 
of the fields to ascertain the percentage of infestation. It was roughly 
estimated that in some of the worst cases the infestation amounted to 
4 or 5 per cent. In most of the fields the infestation was much less 
than 4 per cent. Messrs. McConnell and Myers did make counts 
of the infested stubble on a small number of experimental plats and 
other fields of wheat at Carlisle and Mount Holly Springs, Pa., 
with the results showing an infestation varying from 4.36 per cent 
on one of the plats to 0.26 per cent on another, the average from all 
counts being 1.75 per cent. 

That a 4 per cent infestation of stubble necessarily indicates a 4 
per cent loss in the crop is not probable. The insect apparently 
chooses only well-developed and vigorous stems in which to oviposit, 
and some of these infested stems are known to develop at least par- 
tially filled heads. Just what the loss, if any, from failure of the 
heads on infested stalks to fill properly may be, remains to be de- 
termined. 
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It is certain that serious loss may and does occur because of fall- 
ing of the grain due to the cut made by the larva preparatory to 
hibernation. The extent of this loss will in all probability depend 
in some degree upon weather conditions during the period of ripening 
of the grain. A heavy wind or severe storm at this time would cause 
most of the infested grain stalks to break off and fall so that they 
would not be picked up by the harvester. In the absence of such 
a wind or storm, the loss would undoubtedly be much less, but even 
with favorable conditions a certain percentage of the infested stalks 
would be broken off by the harvester reel and fall in front of the plat- 
form. 

Kulagin (47) states that losses in Russia due to this species and 
Cephus pygmacus are estimated at 14 to 20 per cent, although more 
severe in some cases. Shtchegolev (49) also reports 15 to 20 per 
cent injury due to these two pests. Other Russian writers record 
severe injury without specifying the amount. Unfortunately, in 
practically every instance these writers treat of the injury by 
Cephus pygmaeus and Trachelus tabidus collectively, without indi- 
cating how much of the damage is chargeable to each. This is no 
doubt due to the fact that they have been unable to distinguish the 
larvee of the two species. Their records, therefore, do not afford 
a reliable basis for estimating the probable future importance of 
Trachelus tabidus in this country. 

PARASITES. 

In Russia two parasites of Tvachelus tabidus have been recorded. 
Collyria calcitrator (Gravenhorst), an ichneumonid wasp, is ap- . 
parently a common parasite of this species as well as of Cephus 
pygmaeus, Borodin (52) records the chalcidid Arthrolysis (Picro- 
cystus) scabricula Nees as having been reared from these two saw- 
fly pests. Neither of these species has, as yet, been found in America. 

The existence of at least one efficient parasite in America has, 
however, been established. Numerous specimens of a chalcidoid 
belonging to the genus Pleurotropis and apparently representing an 
undescribed species have been reared by Mr. W. R. McConnell at 
Mount Holly Springs and Carlisle, Pa. So far little is known of the 
life history of the species. It emerges from the prepupal larva of the 
Trachelus at about the time of emergence of the host adults and is 
believed to be a primary parasite, solitary in its habit. Observations 
to date are too limited in extent to form a very accurate estimate 
of the efficiency of this parasite, but in some instances at least it 
appears to exercise a considerable degree of control. 

SUGGESTIONS FOR CONTROL. 

In the present state of our knowledge of this species only sug- 
gestions of possible means of control can be given. 
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Measures for control will doubtless be similar to those against 
Cephus cinctus, the western grass-stem sawfly, and Cephus pygmaeus. 
It is obviously impracticable to attack the insect in the egg stage 

or active larva stage, since both stages occur in the growing grain. 
The adult can not be reached ‘by any known method. It appears, 
therefore, that control measures to be successful must either aim at 
destruction of the hibernating larva or pupa while in the stubble, 
where the insect passes the greater part of its existence, or be con- 
fined to cultural methods such as crop rotation. The fact that the 
larva is located in the part of the stem below the surface of the 
ground precludes the possibility of accomplishing anything by any 
ordinary burning of the stubble. Disking the stubble thoroughly 
as soon after cutting the grain as practicable would possibly be of 
benefit by turning the infested stubble out and thus exposing the 
larva to the action of summer heat and winter cold. The larva is 
quite hardy, however, and only experimentation will prove or dis- 
prove the effectiveness of disking. 

In Russia plowing down of the stubble as deeply as possible is 
recommended against this species as well as against Cephus pyg- 
maeus. The same treatment is recommended and has proved success- 
ful against Cephus cinctus in this country, and it seems the logical 
treatment for adoption against this species. To be effective the plow- 
ing must bury the stub containing the larva so deeply that the matur- 
ing adult will be unable to escape. Shallow plowing will not suffice, 
as the adults undoubtedly will be able to burrow their way out if 
covered with only 2 or 3 inches of soil. Deep and clean plowing, 
therefore, will be essential. The plowing may be done at any time 
between the cutting of the grain and the following spring prior to 
emergence of the adults in April or May. 

If, as now seems probable, this insect confines itself, in this coun- 
try, to the small-grain crops as host plants, there can be little doubt 
that crop rotation will prove an effective means of reducing damage 
from it. Wheat, barley, or rye should be followed by some crop 
which will not serve as a host plant, such as corn or truck crops. The 
present practice on some farms of growing wheat on the same ground 
two years in succession is distinctly favorable to the propagation of 
the pest since the adults upon emerging find themselves surrounded 
by ideal conditions for oviposition. The practice also of sowing 
grass or clover with wheat and allowing the wheat stubble contain- 
ing the larva to stand undisturbed for two seasons could hardly be 
improved upon as means of increasing the numbers of this insect. 
Any system of rotation to be effective should insure thorough plow- 
ing down of the wheat stubble and the growing of some crop other 
than a small grain following wheat. 
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Page 20: Synonymy of Trachelus tabidus. Found in South and Middle 

Europe, North Africa, and Asia Minor. 

(43) Rupow, F. 

1909. LEBENSWEISE DER HOLZWESPEN, SIRICIDAE. In Intern. Ent. Zeitschr.,. 

Jahrg. 3, p. 123-124. 
Page 124: Record of Trachelus tabidus from South Hurope. Also 

records of host plants which are doubtful. 

(44) KoxkusrEv, NIKITA. 

1910. SUR LA DISTRIBUTION DES REPRESENTANTS DE LA SOUS-FAMILLE DES 

CEPHINI KONOW ... EN RUSSIE ET LA DESCRIPTION DES ESPECES: 

NOUVELLES. Jn Rey. Russ. Ent., v. 10, p. 127-139. 
Page 137: Trachelus tabidus. 

(45) [MacGiriivray, A. D.] Jn SmirH, J. B. 

1910. REPORT OF THE INSECTS OF NEW JERSEY. Jn Ann. Rept. N. J. Sta. 

Mus., 1909. 
Page 595: Synonymizes Calamenta [Calameuta] johnsoni and repeats 

record of occurrence in Riverton, New Jersey. 

(46) KHoLopKovsky, N. 

1912. A COURSE IN ENTOMOLOGY THEORETICAL AND PRACTICAL. Petro- 

grad. v. 2. 
Page 472: Trachelus tabidus. 

(47) Kuoraein, N. M. 

1918. THE PRINCIEAL INSECT PESTS OF FIELD CROPS IN EUROPEAN RUSSIA 

FOR THE LAST TWENTY YEARS. In Yearbook Dept. Agr. Centr. 

Bd. Land Admin. and Agr. Petrograd. v. 6, p. 585-638. (Rey. 

Appl. Ent., ser. A, v. 2, 1914, p. 201-202.) 
Records Trachelus tabidus from 26 governments; more frequent and 

injurious in southern governments. Damage about 14 to 20 per 
cent, sometimes more. 

(48) Kurpsumov, N. V. 

1918. THE MORE IMPORTANT INSECTS INJURIOUS TO GRAIN CROPS IN MID- 

DLE AND SOUTH RUSSIA. Jn Studies from Poltava Agr. Exp. Sta., 

no. 17, Dept. Agr. Hnt., no. 6, 119 pp. (Rev. Appl. Ent., ser. A, 

v. 2, 1914, p. 170-178.) 
Trachelus tabidus from South Russia on rye. 

(49) SurcHEcorey, I. M. 

1913. REPORT ON INJURIOUS INSECTS AND DISEASES OF PLANTS IN THE 

GOVERNMENT OF TAURIDA DURING THE YEAR 1912. In Rept. Ass'’t. 

Ent. of Govt. of Taurida, Simferopol, p. 24-56. (Rev. Appl. Ent., 

ser. A, v. 1, 1918, p. 357.) 

Records Cephus tabidus as having attacked 15 to 20 per cent of the 
wheat crop. 
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{50) 

(51) 

(52) 

(54) 

(55) 
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Uvarov, B. P. 

1914. REPORT OF THE ENTOMOLOGICAL BUREAU OF STAVROPOL FoR 1913. In 

Dept. Agr. Centr. Bd. Land Admin. and Agr. Petrograd. 86 p. 

(Rev. Appl. Ent., ser. A, v. 3, p. 4447.) 
Records Trachelus tabidus injuring wheat; not determined if more 

injurious than Cephus pygmaeus as differences in larve are still 

unknown. 

Corry, HE. N. é 

1914, INSECT PESTS OF 1914. Jn Rept. Md. Sta. Hort. Soc, v. 17, p. 

104-112. 

Page 106: Records Cephus pygmaeus injuring wheat at Germantown, 

Md. (Undoubtedly a misidentification of Trachelus tabidus.) 

BoRopDIN, D. ; 

1915. CEPHUS PYGMAEUS L., ON THE WESTERN EXPERIMENTAL FIELD OF 

THE AGRICULTURAL EXPERIMENT STATION OF STAVROPOL, ©AUCASUS. 

In Husbandry, Kiev, p. 876-888. (Rev. Appl. Ent., ser. A, v. 4, 

1916, p. 21.) 
Records Trachelus tabidus infesting stubbles of barley, and winter and 

spring sown wheat in Stavropol. 

ZOLOTAREVSKY, B. N. 

1915. PRELIMINARY REPORT ON THE WORK ON ENTOMOLOGY IN 1914. In 

Stavropol-Caucasian Agr. Exp. Sta., Stavropol. 12 p. (Rev. 

Appl. Ent., ser. A, v. 3, 1915, p. 479-480. ) 
Records Trachelus tabidus as appearing later than Cephus pygmaeus, 

and chiefly found on summer-sown crops. 

Uvarov, B. P., & GLazunov, V. A. 

1916. REPORT ON THE WORK OF THE ENTOMOLOGICAL BUREAU OF STAVROPOL 

For 1914. In Dept. Agr., Ministry of Agr., Petrograd, p. 13-54. 

(Rev. Appl. Ent., ser. A, v. 4, 1916, p. 460.) 
Records large outbreak of Trachelus tabidus in 1914, with large numbers 

of parasites. 

MacGirrivray, A. D. 

1917. HYMENOPTERA OF CONNECTICUT. Part 8. Tenthredinoidea. Ix 

Bull. 22, Sta. Geol. & Nat. Hist. Survey, Conn. 
Page 174: Description of Trachelus tabidus. 

Howarp, L. O. ; 

1918. REPORT OF THE ENTOMOLOGIST. In U. S. Dept. Agr. Annual Repts. 

24 p. « 
Page 7: Record of Trachelus tabidus injuring winter wheat in Northern 

Virginia, and throughout Maryland and Pennsylvania. 
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The irrigation engineer has long felt the need of more detailed 
information as to the importance of capillarity as a source of loss 
of water from irrigation works and the part it plays in distributing, 
within the soil, water applied in irrigation. It has long been recog- 
nized that impounding reservoirs and conveying channels lose more 
water than can be accounted for by direct percolation and evapora- 
tion. Whether this loss was the result of capillary action alone or 
in combination with the transpiration from plant growth along canal 
‘banks has been only a matter of conjecture. Where the water ap- 
plied to soil by irrigation goes and how it ultimately distributes itself 
within the soil have been questions of speculation. 

Tt has been observed that the percentage of moisture determined in 
the field in the usual way has not always given a true basis upon 
which to determine the necessity of applying water by irrigation. 
In some instances, the percentages of moisture determined have been 
above the wilting point and yet plants were wilted. 

This condition has caused the irrigation engineer to speculate 
upon the probability of the rate of movement of soil moisture from 
one point to another by capillarity, as well as the extent to which the 
moisture may move. 

The irrigator is always confronted by questions of methods of 
irrigation, duration of irrigation, and frequency of irrigation. The 

147697°—Bull. 835—20 1 
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first aim is to obtain a uniform distribution of moisture within reach 

of the plant roots and to maintain such distribution. The economical 

application of water to prevent waste from deep percolation or sur- 
face run-off and to maintain an optimum percentage of moisture 
vithin the soil is the vital problem. For instance, under specified 
soil and topographic conditions, how long should the furrows be 

and how far apart? With turns of Irrigation coming at specified 
imtervals, how much water should be applied and how long should 
an irrigation be continued at each turn? To approximate an accurate 

answer to questions of this kind it is necessary to know more accu- 
rately than we now know the rate and extent of movement of the 
soil moisture by capillarity during the several periods of an irriga- 
tion season. 

The drainage engineer in the arid region has frequently been per- 
plexed by a condition of water-logging under conditions which seem 
to preclude the possibility of the movement of free water as such 
from any known source to the wet area. He has often felt a want of 
specific information which would indicate the development of free 
water from capillary moisture and the importance of this form of 
moisture in farm drainage. 

OBJECT. 

As a basis for answering some of the above questions investiga- 
tions were undertaken in 1915, and the data given below are im the 
form of a progress report. 

The object of these experiments is to furnish specific data as to the 
capillary movement of moisture in the soils of the arid region. It 
is felt that these will be of prime importance to the irrigation en- 
gineer nm the proper construction and operation of conveying chan- 
nels and impounding reservoirs, and that they will enable him to 
point out the most economical methods of applying water to fields. 
These data were obtained for different soils and under different con- 

ditions, © 

PLAN OF EXPERIMENTS. 

Because it was realized that the rate and extent of movement of 
moisture in soils by capillarity differs materially where the source 
of moisture is a body of free water from where it is a body of wet 
soil, the experiments have been divided into two parts: 

1. Where the source of the moisture is a body of free water mto 

which the soil column extends. 
2. Where the source of moisture is a body of soil containing a per- 

centage of moisture greater than the wilting percentage, and not 
connected with a body of free water. 
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The work as planned and carried out embodied a study of the rate 
and extent of capillary movement of moisture in columns of various 
types of soil, where capillarity was assisted by gravity, where it 
acted against gravity, and where gravity as a factor was eliminated. 

The eolumns in which gravity was to assist capillarity were inclined 
dewnward at various angles from the horizontal; the columns in 
which gravity was to act against the force of capillarity were inclined _ 
upward at various angles from the horizontal; and the columns in 

which the effect of gravity was to be elimmated as far as possible were 
set horizontal. 
inasmuch as evaporation is one of the factors that controls the 

extent and rate of movement of soil moisture by capillarity, 1t was 
decided to run each set of experiments in duplicate, except that one 
column was to be covered on all sides and evaporation reduced to a 
minimum, while the other column was to be uncovered and baporee 
on one side to the air. 

it was essential to the plan of the experiments that the probability 
of free water-as such entering the columns be reduced to a minimum 
and yet have sufficient water enter the flumes to give semething with 
which to work. it was desired to have a high initial percentage of 
capillary water, and at the same time eliminate free water. To accom- 
plish this end it was decided to have a vertical lift frem the surface 
of the water in the tank to the bottom of the contamer of the soil 
column proper of from 3 to 4inches. After several preliminary tests 
a vertical lift of 4 inches was adopted and all columns except the ver- 
tical ones (unless otherwise stated) have a vertical “lift” of 4 inches 
from the surface of the water in the tanks to any change in direction 
of the column. That part of the soil column from the surface of the 
water to the point of change in direction has been termed the“ wick ” 
in the discussion which follows. 

Airtight joints were maintained and no water escaped from the 
tanks except by the wick and ne moisture from the columns except 
by evaporation. To guard against the formation of a true siphon 
within the soil column an air space was maintained upon at least one 
side of the soil column throughout its entire length, in the columns 
inclined downward. 

All water added to the tanks after the initial filling was measured 
and recorded. At specified intervals the position of the outward ex- 
tent of the wet area of soil was measured and these measurements 
recorded. 

The experiments in which a moist soil was the source of moisture 
rather than a body of free water differ but little from those described, 
except that evaporation was eliminated in all cases. 

The soil boxes were partially filled with a soil containing a known 
percentage of moisture, greater than the wilting percentage. and the 
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remainder of the box filled with air-dry soil packed firmly against the 
wet soil. The boxes were set either vertical or horizontal, no inclined 
boxes being used. In the boxes set vertical, in some experiments, the 
wet soil was placed at the top of the box and the air-dry soil was 
placed at the lower end. In other boxes the wet soil was placed at the 
lower end of the box and the air-dry soil at the upper end. Thus, 
the movement cf the moisture from the wet soil into the dry soil by 
capillarity would be, in some cases, with the force of gravity and, in 
other cases, in an opposite direction, A few vertical boxes had the 
middle section of the box filled with the wet soil, with the air-dry 
soil at both ends, thus combining in the same box and at the same 
time the upward and downward movements. 

The horizontal boxes were packed in the same way as the vertical 
boxes with wet soil at one end and air-dry soil at the other. In a 

few tests the middie section of the horizontal boxes was filled with 
wet soil and air-dry soil placed at both ends. In a very few tests 
the middle part of the box was filled with two sections of wet soil 
containing different initial precentages of moisture and the dry soil 
was placed at both ends of the box. 

METEGROLOGICAL DATA. 

In connection with the experiments a record was kept of the evap- 
oration from a free water surface and a thermograph record taken 
of the air temperature. No other meteorological data were recorded. 

SOILS USED. 

A uniform surface soil was selected for each set of experiments. 

This soil was to be typical of a large area and was to be of a well- 
known type. The soils were to be obtained from various parts of 
the arid region that the data might be of general value. The greater 
the number of types and the wider the range in types of soils used, 
the greater the value of the tests. Uniform soils were to be used, as 
the movement of moisture by capillarity varies in soils of different 
types and the results obtained with mixed soils would be of little 
value. 

INCIDENTAL EXPERIMENTS. 

The movement of soil moisture by capillarity within a soil of a 
uniform type differs materially from its movement between soils 

of different types. This difference is found in the rate and extent 
of movement and in the initial percentage of moisture necessary to 
permit movement. To obtain’some light upon this point a few 
experiments were conducted. The general plan of these auxiliary 
experiments was about the same as for the original experiments. In 
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the auxiliary experiments, various types of soil were packed in layers 
or one end of a column or box contained soil of one type and the 
other end soil of a different type. 

- METHOD AND EQUIPMENT. 

A confined soil column was used and the method differed from that 
usually employed by other investigators only in the size and arrange- 
ment of soil columns. ‘The columns used in these experiments are 100 
square inches in cross-sectional area and much larger than the col- 
umns usually employed. A feature made important in the present 
work is the use of inclined columns. 

One side and the bottom of each flume were made of wood with 
metal lining and the other side was of plate glass. In the discussion 
of the experiments the term “flume” will be used to designate the 
soil column and its container. 
Uniform soil was packed into the flumes and wicks extended 

from within the water in the tanks up into the flumes. After the 
soil had been placed in the flumes the tanks were filled up to the 
initial level and this level rather constantly maintained throughout 
the experiment. 

At 9 a.m. of each day and frequently at other hours the outward 
extent of the soil wetted by capillary moisture was measured, and the 
water in the tanks was brought up to the initial elevation with 
measured quantities of water added directly to the tanks. Soil sam- 
ples were taken at various points in the wet soil area, at such inter- 
vals of time as deemed advisable and always at the end of an ex- 
periment. AI] the flumes or columns were protected by canvas from 
the direct rays of the sun and from the rain. 

MEASURING THE ADVANCE OF THE CAPILLARY MOISTURE. 

The outward extent of the wetted soil area, indicating the extent 
of the moisture movement at any time, is plainly visible through the 
glass side of the flume. The wetted soil is of a darker color and 
the line of demarcation is very distinct. The position of this line as 
seen through the glass side was traced upon the glass. The position 
of these markings with reference to the surface of the water in the 
tank is determined by five direct measurements made in the way and 
to the points as follows: 

Vive lines are drawn along the glass side of the flume parallel to 
the longitudinal axis of the flume. The first line is at the top of 
the glass; the second line is 24 inches lower; the third is 5 inches 
from the top and at the middle of the glass side; the fourth is 74 
inches from the top, while the fifth is at the bottom of the fiume 
and 10 inches from the top line. The intersections of the marks on 
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the side of the flume indicating the outward extent of the wet soil 
area and the five lines above described give five definite points with 
which to locate each of the markings upon the glass side of the 
flume. ‘The positions of these five points are determined by direct 
measurements from the surface of the water in the tank along the 
five lines parallel to the longitudinal axis of the soil column. 
The original horizontal surface of the water in the tanks was used 

as a base for all measurements of the position of the moisture in the 
soil column in all flumes rather than a transverse line coincident 
with the change in inclination of the soil column, if any, from the ver- 
tical. inasmuch as the movement of moisture in the soil columns by 

capillarity from free water is about equal for all inclinations, from the 

vertical upward to the vertical downward, for the first foot or more, 

using the surface of the water as a base for measurements does not 
produce an appreciable error in making comparisons. 

In the experiments with wet and dry soils the initial point of 
measurement is the line of contact between the original areas of wet 
and dry soil. No water is added to the boxes after they are set up, 
but the water is added to the wet soil at the time of packing. The 
quantity of water to be added to the soil to be packed wet is calculated 

upon the dry weight of the soil and then this water is added by 
measurement. 

MAINTAINING THE WATER LEVEL IN TANKS. 

All water added to the tanks after the initial filling is added in 
measured quantities and recorded as water used by the flume. Water. 

is added sufficiently often to maintain the level of water in the tanks 
ata rather constant-elevation. The water added during any 24 hours 
is recorded as the water used during the day ending at 9.a.m. Unless 
otherwise specified all references to water used per day will mean for 
the day ending at 9 a.m. 

SAMPLING FOR MCISTURE. 

The soil is sampled for moisture with a ?-inch carpenter’s auger i 
the usual way and the samples immediately placed in tared screw- 
topped glass bottles and weighed. A composite sample is made of 
the upper 5 inches of soil and another composite sample for the lower 
5 inches in each boring. The samples are taken in planes parallel to 
the planes indicating the advance of the moisture within the flames 
at the points sampled. A boring is located by a measurement along 
the top of the flume from the water level. The samples, as soon as 
convenient after the first weighing, are placed in a water-Jacketed 
oven and dried at the temperature of boiling water until a constant 
weignut is obtained. Using the dry weight of the soil sample as a 
basis, the percentage of moisture in the sample is calculated. 
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The samples from the box experiments are taken and treated in the 
same way as for the flumes, except that one composite sample is made 
for each boring in the boxes. 

PREPARATION OF SOIL FOR PACKING. 

The soil to be used in the experiments is thoroughly air dried, if 
not already so. The soil is spread out in thin layers and exposed to 
the direct rays of the sun for several days. The air-dried soil is 
then screened through a 4-inch screen and all large rocks, roots, 
etc., removed. Lumps of soil are broken up and screened. The 
heavy clay soils having numerous large lumps are rolled with a hand 
Jawn roller and screened. In order that the soil grains may not be 
broken by the roller, it is necessary to roll upon some rather yielding 
foundation. A soil foundation was made by rolling repeatedly with 
a weighted roller. Soils of the clay and loam type are passed 
through a 14-mesh sereen and the screenings from all operations 
thoroughly mixed. The preparation of the heavier soils of the 
Whittier type is a slow and tedious operation. It is only by re- 
peated rolling with a light roller that the soils can be properly fined 
without crushing the soil grains, 

SETTING UP THE FLUMES. 

The flumes were set up out in the open and were protected only 
from the direct rays of the sun and from the rain. They rest upon 
2 by 12 inch plank cut to the proper length and set upon end. The 
tanks rest upon small stands fastened firmly to the foundation for the 
flumes. Thus the supporting structure for the entire soil column is 
rigid. 

The flume, tank, and ell were set in position, the glass side of the 
flume put in position, and then all joints were filled with melted 
paraffin wax. All joints were tested a second time to see that they 
were air and water tight. The flume including the wick was then 
ready for packing. 

PACKING SOIL IN FLUMES. 

The soil was placed in the flume in 2-inch layers and packed with 
a wooden block and hammer. The block is corrugated and is 4 by 6 

inches. The packing was done by striking the block with the ham- 
mer, using as uniform a blow as practicable and continuing the pack- 
ing until the soil was of about the same density as found in the 
field. This density was estimated in both instances by measurement 
and weight. ‘The soil was placed and packed into the flumes layer 
by layer until filled. 
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PACKING THE BOXES. 

The boxes were packed with soil m much the same way as the 
flames, except when the initial percentage of moisture in the wet-soil 
part of the box was relatively low. In this case, the soil was first 
wetted to the desired degree, and then placed in the box in layers one 

inch thick and packed by dropping a weight a given distance upon a 

board covering the layer of soil. The distazics the weight was to be 
dropped, and the number of times it was to be dropped for each layer 
was determined by tests for each soil. The section of the box to be 
filled with air-dry soil was packed by using the hammer and block. 

PREVENTING EVAPORATION IN FLUMES. 

Those fiumes in which evaporation from the top of the flume was 

to be prevented were covered with two-ply unsanded maltoid roof- 
ing paper. A strip of the roofing cut to the proper size was placed 
upon the top of the flume and reached from one end to the other. 
The side joints were made air tight. On the glass side of the flume - 
the roofing was folded over and down on the outside of the glass 
about one-half inch. The joint between the roofing and the glass 
was held in place and made tight by means of an angle-iron strip 
made of galvanized iron clamped along the upper edge of the glass 
and on top of the roofing. To prevent air-trapping, 4-inch vent 
holes were cut in the roofing at intervals of about 4 feet. Tests 
of the effectiveness of this covering to prevent evaporation of 
moisture from the flumes indicate that at least 80 per cent of the 
evaporation from an open flume was prevented by this covering. 
A more effective method of preventing evaporation could be de- 

vised, but there would be great danger of the entrance of some un- 
known factors into the work. The entrance of these factors would 
prove fatal for comparison with much of the other work. 

COVERING THE BOXES. 

The plate-glass sides of the boxes were sealed to the boxes by means 
of cushions made of maltoid roofing. The glass was held in place and 
clamped tightly to the box by means of wooden strips fastened to 
the box proper by means of eyebolts fitted with thread and nut. 
Rubber cushions were tried, but did not give the same satisfaction 
that was obtained from the use of maltoid. 

CAPILLARY ACTION IN THE SOIL IN THE ABSENCE OF FREE WATER. 

The term “ free water” as here used is water not held by capil- 

larity and obeying the laws of gravity. [t is variously termed “ free 
water,” “ cround water,” and “ water of gravitation.” (17.)? 

The ficurcs in parentheses apply to the references at the end of this bulletin. 



CAPILLARY MOVEMENT OF SOIL MOISTURE. 9 

The plan of this experiment was to study the rate and extent of 
movement of moisture from a wetted soil into an air-dry soil when 
the two were brought in contact. The wetted soil was to contain 

various percentages of moisture from near the point of capillary 
saturation down to the wilting point. 

THE SOIL BOXES. 

The soil boxes or soil tubes for this work as first designed con- 
sisted of galvanized iron boxes 6 by 6 inches in cross section and of 
various lengths from 4 to 8 feet. 

It was soon found that the metal boxes, first used were not sufli- 

ciently rigid. They were difficult to pack and the least jarring of the 
box after it was packed and set in position was very apt to crack the 
soil column. The second set of equipment, the boxes now in use, is 

described later. 

ADDING THE WATER. 

Various methods were tried for adding the water to soil to be 
wetted and at the same time insure a uniform pack offering no 
mechanical obstacle in the movement of the moisture by capillarity. 
The method finally adopted as giving the most uniform results for 
the higher percentages of moisture was found not adapted to the 

smaller percentages of moisture. In the first method, the water was 
added to the soil after it had been packed and its distribution in that 
part of the soil column left to capillary action. Inthe second method, 
or the one used for the smaller percentages of moisture, the water 
was added before packing. Where the water was to be added after 
the soil was packed, a small furrow about 2 inches deep was made the 
entire length of the part of the column to be wetted and the proper 
amount of soil would take it wp, and finally, with the last of the water 
was added that part of the soil removed to make the furrow. The 
wetted soil was then covered with plate glass and allowed to stand 
24 hours before packing the air-dried part-of the column. As soon 
as the dry soil was added the plate glass side was placed and sealed 
‘in position and the box set in place and the experiment was under 
way. 
When the moisture was added before packing, a mass of soil suffi- 

cient for one pack was moistened to the desired percentage by adding 
a weighted quantity of water. The mass.was thoroughly mixed by 
turning over and over several times on a piece of oil cloth. This 
soil was then placed in the box in layers 2 inches in thickness and 
tamped with a hard rubber tamping bar. The amount of tamping 
was much a matter of judgment and testing, except that the same 
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soil with the same percentage of water used in different boxes 
received the same amount of tamping. 

MEASURING THE ADVANCE OF MOISTURE. 

The change in color of the soil in the dry part of the column with 
a change in moisture content was very marked in nearly all soils ex- 
cept the light sands, devoid of much organic matter. With the posi- 
tion of the contact of the wet and dry part of the column at the 
commencement of the experiment marked upon the glass side of 

the box, it was a simple matter to measure the distance the moisture 

had moved into the dry part of the column at any time. These 
measurements were recorded, as well as the date and hour of the 
measurement. 

OTHER OBSERVATIONS OF THE SOIL. COLUMN. 

During an experiment and at its expiration close observations were 
made of the condition of the column for cracks or other factors that 
might influence the ultimate results. At the end of the experiment 
observations were made at the outer extremity of the apparent wetted 
area in the original dry part of the box to determine if the advance of 
the moisture had been the same in all parts of the column. In many 

eases it was found that the extent of the movement was a little 
greater upon one side of the column than upon the other. These 
differences were probably caused by differences in temperature rather 
than lack of uniformity in packing. 

PROTECTION FROM SUN AND RAIN. 

To protect the flimes frem the direct rays of the sun and from the 
rain, canvas covers were provided. These covers were held away 
from the sides of the flumes and from the top by iron bows and iron 
strips similar to the old-fashioned wagon cover. This provided 
ready circulation of air and ample protection from the weather. 
Inasmuch as each flume was protected in this way no corrections had 
to be made for the exposure of the flumes to the sun’s rays due to 
differences in angles of inclination or their setting in reference to the 
compass. Figure 1 shows the tank ell or wick and a section of flume 
as they appear when in position for filling. 

THE TANKS. 

The tanks used to contain the water from which the soil columns 
obtain moisture are made of galvanized iron. They are 12 by 20 
inches im area and 8 inches deep. Near the bottom and at one end 
of each tank is fitted a 32-inch water-gage glass, extending upward 
upon the outside of the tank, so that the height of the water in the 
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tank can be determined after the lid is placed in position. Around 
the cutside and at the top of the tank is soldered a galvanized iron 
channel, three-eighths inch wide and three-quarters ich im depth. 
This channel is to receive the edge of the cover to the tank. 

The lid of the tank is of material similar to the tank and has the 
outer edge turned dewn three-quarters of an inch all the way around 

to fit into the channel on the tank. Passing through the hd and 

Tic. 1.—Isometric view of open flume connected by wick to supply tank. 

soldered to it is the ell. Into the lid is fitted a $-inch tube through 
which water may be added to the tank. To support the weight of 
the ell and to stiffen the lid, two galvanized-iron channels are riveted 
to the underside of the lid, running crosswise of the tank. These 
channels are placed just outside the ell. 

THE ELL. 

The ell is, as the name implies, an elbow used to change the direc- 
tion of the soil column from the yertical. It extends 6 inches 

; 
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within the tank and a few inches within the flume proper. The ell 

is made of galvanized iron and has a cross-sectional area of 100 
square inches. The bottom end of the ell is closed with a piece of 
very fine meshed brass-wire gauze soldered to the ell. The angle of 
the ell is made sufficient to change the direction of the soil column 

from the vertical upward to any specified angle. The angles used 
varied from 45° up to 45° down. 

THE FLUME. 

The flume proper is that part of the equipment designed to hold 
that part of the soil column extending beyond the outer end of the 
ell. The bottom and one side of each flume are made of 2-inch red- 
wood plank lined with galvanized iron. The second side of the 
flume is of plate glass, while the top of the flume is open or covered 
with maltoid roofing. The fiumes are 10 by 10 inches in area 
and of various lengths. The galvanized lining of the fiume at in- 
tervals of 1 foot is ridged or corrugated with 4-inch channels extend- 
ing up and into the flume. The metal lining on the bottom of the 
flume is bent down and over the edge of the plank bottom and then 
bent out and up on the glass side, forming a channel to receive the 
edge of the glass side. This channel is one-half inch wide and three- 
quarters inch deep. 

THE GLASS SIDE. 

One side of the flume is of stock plate glass cut 11 inches wide 
and 30 inches long. The glass is held in place at the bottom by the 
channel made by extending the lining of the bottom as described 
above. The ends of the glass are-held in place by double channels 
made from galvanized iron. These channels are one-half inch in 
width, three-quarters inch deep, and 103 inches long. The channels 
are fastened to the bottom of the flumes by means of screws and are 
held at the top by strap-iron cross-braces fastened to the wooden side. 
Melted paraffin is run into the channels at the bottom and end of the 
glass and a tight joint secured. The end of the flume is closed with 

a metal gate fastened to the wood of the flume. 

SOIL BOXES. 

The all-metal boxes as first used were replaced with wooden boxes 
having a metal lining. The sizes of the boxes were not altered. 
They are made of 2-inch redwood plank and lined with galvanized 

iron. The lining extends out and over on the open side of the box. 
A strip of plate glass held in place by wooden strips is placed on the 

epen side of the box when ready to set in place after packing. The 
wooden strips are fastened to the box proper by means of eyebolts 
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having a screw thread and nut for tightening. The joint between 
_ the glass and the_box is made witha strip of maltoid roofing. The 
present box gives good satisfaction and is sufficiently rigid to admit 
of considerable handling without danger of cracking the soil column. 

SOIL SAMPLING EQUIPMENT. 

The soil samples are taken with a carpenter’s bit, the shank of 
which has been lengthened to 16 inches. The soil samples are placed 

in 4-ounce glass bottles fitted with aluminum screw caps. They are 

dried in the usual double-walled water-jacketed oven. The oven used 
is of local make and of galvanized iron. The inner oven is 12 by 12 
inches, fitted with one shelf. 

EVAPORATION TANK. 

The evaporation tank is made of galvanized iron, and is 18 inches 
square and 12 inches deep. The tank is set in a wooden box 2 inches 

larger all around than the tank. This space is filled with soil, thus 
- insulating the tank upon the bottom and sides. 

AIR TEMPERATURES. 

The air temperatures are taken with a self-recording thermograph. 
The instrument is set up immediately adjacent to the flumes and is 
shaded and protected from storm. 

ADDITIONAL EQUIPMENT. 

A variety of special equipment has been used, and this will be de- 
scribed with the presentation of the data apeiined by its use, 

RATE AND EXTENT OF MOVEMENT OF SOIL MOISTURE BY 
CAPILLARITY. 

There are so many factors controlling the rate and extent of move- 
ment of capillary moisture (4) (11) that it is very difficult to apply 
the data obtained from one soil to a different soil even of the same 
type. Without knowing more of the effects of those different factors 
upon the movement of soil moisture it is not possible to make such 
comparison and expect accurate quantitative results, even though we 
have a complete chemical and mechanical analysis of the two soils 
(8) (15). Within each soil are those influencing factors, such as 
soluble mineral salts, the organic material, the colloids, and many 
others, which infiuence in various and irregular ways the movement 
of soil moisture by capillarity. Certain other factors, such as the 
meteorological conditions that may be controlled to a large extent, 
exert a material influence upon the movement of soil moisture by 
capillarity. 
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In so far as the writer knows, there is very little knowledge of 
the quantitative effect of these different factors upon the movement of - 
soil moisture, general information being limited to the fact that they - 
do influence the movement. There are a few data upen the quanti- 
tative effect of temper ature (2) and some of the other meteorolcgical 

factor ee also of the soluble Salts (8), but they are incomplete and 
im some eine stances contusig. In the experiments herein discussed, the 
evapora ation factor has been controlled and taken into account within 
certain limits, and the results of this work will be discussed later ix 
the report. } 

in any comparison of the data from one soil with the data ob- 
tained from a different soil none of these factors has been taken into 
account. Chemical and mechanical. analyses of the soil can be ob- 
tained readily, but with our present knowledge such information 
would be of no service in making quantitative comparisons. For in- 
stance: The colloids influence the movement of capillary moisture in 
one way, while the organic material, as indicated by the organic ear- 
bon, exerts an influence in the opposite direction. There is not suffi- - 
cient information to indicate in the least to what extent these two 
factors might compensate, if at all. Other factors tend to retard the 
movement ee the moisture, while others, again, tend to augment it, 
but to what extent our present information aber not indicate. 

The experiments herein recorded were run at varreus times 
throughout the year and in the open. Some of the soils were tested 
during the heat of August and others during the cold weather in 
January. Others of the soils were tested at a time when they en-’ 
countered periods of almost extreme heat and extreme cold. It is 
known with reasonable certainty that the rate and extent of move- 

ment of soil moisture is greater with temperature above but near the 

freezing point than at a higher temperature. That a temperature of 
from 26° to 32° F. has a marked influence upon soil moisture other 
than the mere fact of freezing will be indicated by data presented 
later in this report. 

in the data herein presented, no corrections are attempted for 

temperature or other factors unless specifically stated. It must be 
kept in mind that in the calculations for comparison and in the 
derivation of formule the conclustons reached are applicable only 
to the soil under consideration and under the same conditions. 

MOVEMENT OF MOISTURE IN VERTICAL TUBES FROM FREE WATERS. 

The experiments herein recorded differ from other work that has 
been done in vertical tubes only in that the tubes are larger and the 
work has been carried to a greater extent (8), (12), (13), (14). 

These tubes or flumes have also been subjected to variations of tem- 
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perature corresponding to the daily and monthly variations in tem- 
perature of the atmosphere at Riverside. 
A feature of the experiments not usually included is a record of 

‘the quantity of water required to extend the moisture to various 

heights. 
Below is given a list of the vertical flumes and the soil placed in 

each. 
Flume 19 was filled with decomposed granite from Riverside, 

Calif. 
Flume 43 was filled with heavy soil from Riverside, Calif. 

Flume 63 was filled with heavy clay soil from Whittier, Calif. 

Flume 80 was filled with gravel soil from Uplands, Calif. 
Flume 100 was filled with lava-ash soil from Central Idaho. 
Flume 209 was filled with sandy soil frem Central Idaho. 

2. 

e209 
O7e Ben MN . 7 * 

N°/9, Fiverside light soil, 
N43 Riverside heavy soi] 

Palate! 

7 V”) 
1 @ 
} Cc 
| O 
Ss 

N2100, Idaho lava ash so/'l 
N°209,ldaho sandy so// 

[Sslas2Ommes 20 20 20 : 
By hours By days 

Wig. 2.—Rate of movement of moisture-in vertical columns of soil. "The numbers-within 

circles indicate the point at which that number of liters of water had been taken up. 

The moisture equivalent, in per cent, for these soils is as follows: 

Riverside, light, 7.9; Riverside, heavy, 14.1; Whittier, 38.3; Uplands, 
6.6; Idaho lava-ash, 18.3; and Idaho sand, 4.7. 

Figure 2 shows the curves derived from the measurements of the 
rate of movement of moisture in the flumes and the time of such 
measurements. The vertical element is the distance measured in 
inches and the horizontal element is the time in hours or days. The 
figure to the left shows the rate of movement by hours for the first 
24 hours and the figures to the right the movement by days. 

The curves are parabolos or closely resemble parabolic curves. A 
very rapid movement of the moisture occurs for the first. few hours 
of the experiment. After the first few hours there is a rather rapid 
slowing down of the rate of movement and after about the fifth day 
the rate of movement is rather uniform, growing slightly slower day 
by day. 
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The diagram indicates that the rate of movement in the lighter soils 
is more rapid for the first few hours and then slows down much 

quicker than with the heavy soils. The heavier soils maintain a 
relatively more uniform variation than the hghter soils throughout 
the experiment. 

The heavy Idaho soil is an excellent example of those soils having 
a high capulary power. It shows a steady extended movement and 
differs widely from the light Idaho soils, as shown by flume 209. 
We find in these soils a variation of nearly 250 per cent in the total 

distance moved in a period of 30 days. In general, the lighter the 
soil, the shorter the distance the moisture will move upward in a long 
period of time. 

The unnumbered dotted lines upon both the drawings in figure 
2 represent the movement of moisture in vertical tubes of small diam- 
eter as found by Loughridge (13). These curves are introduced to 
show the agreement in results from experiments with small tubes and 
those from the experiments with flumes at Riverside. ‘The soil used 
in these small tubes, as indicated by the dotted lines, is an alluvial 
soil from Gila River Valley. 

Table 1 gives, in percentages, that part of the distance moved in 
1, 2, 3,5, 10, and 20 days of the total distance moved in 30 days. 

Table 2 gives the same information in hour periods for the first 

24 hours. 

TABLE 1.—Daily movement of ‘moisture (distance) in percentage of movement 
> in 30 days. 

Flume. 

Number 
of days. | 

19 43 63 80 100 209 

i Per cent.| Per cent.| Per et Per cent.| Per cent. Per cent 

2 61 60 57 37 43 71 
o 67 ' 66 62 62 51 76 
a 74 73 65 70 59 83 

10 84 82 76 80 Tit 89 
20 94 93 89 92 92 94 
30 100 100 100 | 100 100 100 

TABLE 2.—Hourly movement of moisture (distance) in percentage of movement? 
in 24 hours, 

Flume. 

Number 
of hours. 

19 43 63 80 100 209 

| Per cent.) Pcr cent.| Per cent.| Per cent.| Per cent.| Per cent. 
27 LD: i]s Ree eee eae 5 14 44 

r= DO GOH WO DOR 

ee) 

om an 5 

Se ene 

> nN =r ir or or ioe) oO 

tor 100 100 100 100 | 100 100 
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~The distance moved in 2 hours, in percentage of the total distance 
moved in 30 days, or 720 hours, was as follows: 

Flume 19, 20 per cent; flume 48, 13 per cent; flume 68, 13 per cent; 

flume 80, 18 per cent; flume 100, 9 per cent; flume 209, 36 per cent. 
In 2 hours, or 1/360 of the time, the percentage ranges from 36 in the 
light Idaho soil to 9 in the heavy Idaho soil, or from about one-tenth 
to about one-third the total distance. 

About the same relative rate of movement of moisture for the first 
few hours of the experiment is shown by Table 2. In the first 8 
hours, or one-third of the 24 hours, the moisture had moved upward 
more than 70 per cent of the total distance moved in 24 hours, while 
in the longer period of 30 days it is found that more than 80 per cent 
of the total distance was covered in one-third of the time. 

The above tables and diagram but emphasize and give in some de- 
tail the rapid action of capillary moisture when soils are first placed 
in contact with free water, and show that a large part of the total dis- 
tance the moisture will move in a month is covered within the first 
few hours. These results are in accord with those obtained by 

others. (9) 
WATER USED. 

The figures within the small circles in figure 2 give, in liters, the 
total quantity of water removed from the tanks by the soil columns 
at the end of various periods of time. | 

At the end of 30 days, flume 63 had taken about 30 per cent more 
water than had flume 19, and flume 100 had taken up nearly twice as 
much water as flume 19. Flume 209 used very little water after the 
first 6 days and a large part of the total water used in the 30 days 
was used the first day. At the end of 30 days this flume had used only 
about one-half as much water as flume 19. These figures show, as 
was to be expected, that the lighter soils require less water per inch 
than do the heavier soils. 

TABLE 3.—Quantity of water used to move moisture an average distance of 1 
inch at the end of different periods of time. 

Tiume. 

Number 
of days. 

19 43, €3 89 100 209 

Liters. Liters. Liters. Liters. Liters. | Liters. 
1 0.422 0.446 0.700 0.250 0.482 0.296 
2 393 526 . 737 256 468 276 
3 392 506 . 726 323 506 265 
4 379 500 aH? 311 527 259 

10 366 470) 789 326 497 254 
20 364 484 840 317 ARG As |S eae 
30 357 472, 816 32 (ea 484 239 

147697 °—20—Bull. 835 
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Except: for the lighter soils. of the sandy type, the quantity~-of-~ 
water required to move the moisture the first inch is about-the:same 
or a little less than to move it the last inch on a basis of 30-day 
tests. Table 3 brings out the fact that there is much less difference 
in the quantity of water required per inch for the various heights 
than is usually supposed. The difference in the percentage of mois- 
ture found near the bottom and the percentage found near the top 
of a vertical soil column containing capillary water raised from a 
free water surface leads to the natural conclusion that more water 

per inch is removed for the bottom inches than for the top inches. 
However, it is observed that in flume 63 the reverse is true, although 
the percentage of moisture near the bottom of this flume was greater 
than it was within 4 inches of the top. Under another heading 
in this report is given at least a partial explanation of this apparent 
inconsistency. (See p. 56.) 

TABLE 4+.—Water removed from tank, by days, in percentage of total removed 
in 30 days. 

Thame. 

Number - r= 
of days. | 

19 43 63: 89 | 100 209 

| 

Per cent.| Per cent.| Per cent.| Percent.| Per cent.| Pcr cent. 
1 61 47 40 34 30 Wii 
Yi 67 66 50 43 | 42 82 
3 74 69 Oey 60 53 St 
4 75 72 69 62 60 86 

i0 86 79 74 77 GO, ieee ee 
15 91 86 87 82 SO! ite Baoan 
20 95 91 93 87 OO al seiie eres ee 
30 109 100 100 100 100 100 

Table 4 shows in general the relatively high percentages of water 
removed from the tanks during the first day or two and the relatively 
small percentages used after chef first three or four days. It is found 

that in all flumes at the end of the third day, or one-tenth of the 380 
days, more than 50 per cent of the water had been used, and by the 
end of the tenth day three-fourths of the total water used in 80 days 
had been removed from the tanks. During the last 10 days of the 
experiment only about 10 per cent of the total water was removed 

from the tanks. 
This table again indicates the longer continued use of the relatively 

large quantities of water by the heavier soils and the very rapid action 
of the lighter soils. This is of economic importance in that the loss 
for an extended time would be much less in proportion for a heavy 
soil than for a light soil where the es of water is caused by capillary 
action alone. 
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In Table 5 are brought together fer comparison the rate of advance 

of moisture and the quantity of water used, expressed in percentages 
of the totals for 30 days. (See Tables 1 and 4.) 

TABLE 5.—Percentage of. distance moved and percentage of iawater used by 
days upon a 80-day basis. 

Flume. 

Num- 19. 43, 63 80 100 209 
ber of 
days. ; 

Dis Dis- + Dis- Dis- Dis- Dis- 
tance Mister tance was tance Were tances Weler tance Winter tance wale 
moved.| 4 moved. ~ | moved. moved moved * | moved 

Per ct. | Per et.| Per. ct.| Per et.| Per ct.| Per ct.| Per ci.-| Per ct.| Per ct. |-Per ct.| Per ct.| Per ct. 
51 61 41 47 47 46 34 30 62 7 1 40 30 7 

2 61 60 66 57 50 57 43 43 42 71 82 
3 67 74 66 69 62 55 62 60 51 53 76 84 

10 84 86 82 79 76 74 80 77 77 79 Sy eerie 
li eGeseene SU ancresies SOn Jeace saiec Sal poesia. Sai leerecenss SON i eeesteeeleeeees 

a7 . 

30 100 160 | 100 100 100 100 100 100 100 100 100 160 

Tt is observed that in three of the flumes the percentage of the 
water used at the end of the first day exceeds the percentage of the 
distance moved; in two of the flumes this condition is reversed and 
in the other flume the two percentages are identical. 

Table 6 shows the percentage of water (by volume) contained in 

the wet soil at the end of 30 days, and as would be exvecied, the rela- 
tively large quantity of water contained in the heavier soils. 

Table 7 gives the depth in inches to which 
TABLE 6.—Percentage of ap yay NA le Ee 1 the water remov ed trom the tanks at the end Gaiitei Bil, Bolitue CCOTE 

of the specified time would cover the surface tained in the wet sos, 
10 ° = . ELE oR GENaia | haere mR PERLE pon ml aeaeeTR, 

f the soil column if none of the water so ee a | Perce 
added penetrated the soil. For instance, at orwasers 
the end of the third day 671 cubic inches of - oe 
water had been removed from tank 19. This eS 
quantity of water is sufficient to cover a 10- fe > 
inch by 10-inch area to a depth of 6.71 inches. 209 14. 60 
In the same way the other figures of the 
table have been determined. If the area of the flume had been 1 
acre instead of 100 square inches there would have been removed from 
the tank sufficient water to have covered the acre to a depth of 6.71 
inches, or, expressed in irrigation terms, there would have been re- 
moved from the tank 6.71 acre-inches in the three days. 

~—- 

maori et 
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Tanlte 7.—Depth to which water removed from tanks would cover area of 100 
square inches. 

Flume. 

|. Number |___ ee racy = z 
of days. | | 

| 19 43 lanes 80 100 209 

Inches. Inches. Inches. Inches. Inches. Inches, 
1 5. 49 4.27 4.88 2. 44 4.88 2.59 
2 6.10 6.10 6.10 3.05 6.71 | 2. 74 
ad 6. 71 6. 45 6. 71 4,27 8.54 | 2. 82 
4 | 6. 86 6:71 7.32 4.47 9.72 | 2. 89 

10 | 7.78 7.42 9. 00 5. 49 12810) lessieoceee 
15 | 8. 24 8.08 10. 62 5. 86 [ae 34s Yl aeeen cece 
20 8. 62 8. 54 heat || 6. 24 14:95). |ecseaseceel 
30 9. 06 9. 36 42, 21 Vie) 16.17 3.36 

| 40 9.31 9. 70 12. 57 7.48 LIS30! Jez koveee nes} 
| D0! teceeo seen 10. 00 UBB) i oeeocmeee 18. 37 3.86 | 
| 60) Kigaauc oat bee ees TERE eee ee eee ims ogres 

Table 7 shows that if a body of water were covered with 40 inches 
of dry soil of the type in flume 100, there would be removed from it 
by capillarity in the first 10 days a depth of 12.81 inches of water. 

If some means were provided to remove from the end of the wetted 
soil column in flume 100 after the end of the first day all the water the 
soil column of this length could transmit, there would be lost from this 
body of water at least 1.83 acre-inches each day, and in one year the 
loss would amount to 55.66 acre-feet per acre. This, then,isthe trans- 

mitting power of the soil column at the end of the first day. That 
this amount is not lost each day following the first is due to the fact 
that the soil can not take this amount by capillarity through the dis- 
tance from the free water. If a calculation were made for this soil 
to transmit water from the twentieth to the thirtieth day and at the 
distance from the water to the outer extremity of the moisture at this 
time, the transmitting power could be 3.17 acre-feet per acre per 
vear or only 6.67 per cent of the transmitting power at the end of the 
first day. If the same calculation is made for flume 19, it is found 
that the transmitting power of this soil for the period from the 
twentieth to the thirtieth day is only about one-third that of flume 
100, and about the same relative percentage at the end of the first day. 

In flume 19 it is found that the moisture has traveled upward into 
the fiume a total distance of 28.05 inches in three days and that there 
has been removed from the tank at the end of three days a total of 
1,100 cubic centimeters or sufficient to fill the fiume to a depth of 
6.71 inches. Using these figures, it is found that at the end of the 
third day there was by volume 23.9 per cent of water in the 28.05 
inches of wetted soil. By the same means of calculation Table 8 is 
computed. 

Table 8 indicates that for a period of 30 days the light sandy 
soils contained a smailer percentage of moisture in the wetted area 
day by day. The heavier soils, as represented by flumes 48, 63, and 
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100, maintain a rather uniform percentage of moisture throughout 
the 30 days. (The distribution of this moisture throughout the col- 
umn will be given later.) At the end of 62 days flume 63 contained 
in the wet soil by volume 47 per cent of water, or a little less than at 
the end of 30 days. At the end of 44 days flume 100 contained by 
volume 29.8 per cent of water, or about the same percentage contained 
for the first 30 days. 

TABLE 8.— Percentage, by volume, of water in wetted soil at end of time specified. 

Flume. 

Number 
of days. 

e 19 43 63 ; 80 100 209 

Per cent. | Per cent. | Per cent.| Per cent. | Per cent. | Per cent. 
1 2000 27.2 42.6 1553 30.0 8.0 
2 24.0 32.2 45.0 15.6 28.6 16.9 
3 23.9 31.0 44.3 19.9 30.6 16.1 
4 23.1 AOL tG) hd a 19.3 32.0 15.8 

10 22:3 28.0 48.2 19.9 OO owl seen cic. 
20 22.0 29.4 SL 19.4 PAS) oN hae & beans t= 
30 21.8 28.8 50.0 20.6 29.6 14.5 

Table 8 would indicate further that capillary action must take 
place much slower in heavy soils than in light soils, due to the rela- 
tively higher percentage of moisture in the heavy soils at all points 
in the column. It takes a higher relative percentage of moisture 

in the heavy soils to permit the advance of moisture from a damp 
to a dry soil by capillary action. The lighter soils will contain a rela- 
tively smaller percentage of moisture in the very extremity of the 
wetted area as it advances than will the heavier soils. 

DISTRIBUTION OF SOIL MOISTURE IN VERTICAL SOIL COLUMNS. 

The distribution of moisture in a vertical cclumn of soil, the lower 

end of which is in contact with a body of water (9). has received con- 
siderable attention in these experi- 
ments. The study has included the dis- TABLE 9.—Distribution of mois- 

: : : ture in vertical soil columns. 
tribution for the various lengths of 
time up to and including 40 days. In Distance | ate iyo 
Table 9 is given the distribution in two Seger call meee 
vertical columns for periods of 30 days, Gace ee a oe, 
or after the column has been in contact 
with the water for a period of 30 days. f Per cent. | Per cont. | 
Flume 48 is Riverside soil No. 1, and ; es FOS 
flume 63 is the Whittier soil. Flume & 18. 84 40.70 
63 was closed to evaporation, while 1b fs ae] 38 
flume 43 was open upon one side, and 21 a= | B75 
the soil is held in place by brass-wire 2s wetsanagee 24. 59 
gauze. cies al men Mane Une 

The figures show that the decrease e caine cee 

in the percentage of moisture from 
the water surface to the upper extremity of the wetted area is 
not uniform. In flume 43, the greatest percentage of moisture is 



22, BULLETIN 835, U. S. DEPARTMENT OF AGRICULTURE, 

found at a height of 6 inches above the water. In flume 63 there 

is a greater percentage of moisture in the twelfth inch than in either 
the sixth or the ninth inches. In both flumes there is a decrease in 
the percentage of moisture with height above the twelfth inch. In 
flume 43 there is a much more constant and uniform percentage of 
amoisture from the twelfth inch to near the top of the wet area 
than there is in fiume 63. In both flumes, the moisture content breaks 
very abruptly near the upper end of the wet soil and indicates the 
relatively high percentage of moisture necessary to allow the mois- 
ture to move from the wet to the dry soil. 

Other and very much more numerous data show the irregularity 
of moisture distribution in vertical columns even though every pre- 
caution is taken to have the soil uniform in texture and in density. 
A superficial study of these data would indicate that a formula that 
vould give the distribution of moisture in vertical soil columns for 
a period of 30 days would be more complicated than the formula 
for the movement of moisture. An analysis of the above statement 
would indicate that the percentage of moisture which will permit 
the advance of moisture from the wet to the dry soil is variable, 
even for uniform temperatures, etc. 

The data for flumes 43 and 63 given above, and numerous other 
data show a distribution of moisture contrary to general supposition. 

That there is a lack of uniformity in the distribution of moisture 
in vertical soil columns has been observed by others (6), (13). 

THE MOVEMENT OF MOISTURE IN HORIZONTAL FLUMES. 

The horizontal capillary movement of moisture within the soil and 
from a body of free water has not been studied before to any great 
extent (12). 
Much of what has been said of the vertical flumes is applicable to 

the horizontal flumes, The chief difference is rather one of degree. 
At the present time there will be discussed only the horizontal 

flumes open on top to evaporation. 

The number of flumes and the soil contained in each is given in 
Table 10. 

Taprte 10.—Soil in horizontal fluimes. 

Number 
of flume. Description. 

20 | Decomposed granite soilfrom Riverside, Calif. 
31 Heavy decomposed granite soil from Riverside, Calif. 
50 | Heavy clay loam from Whittier, Calif. 
70 | Sand and gravel wash from Uplands, Calif. 
90 | Heavy lava ash from Idaho. 

200 | Light sand soilfrom Idaho. 

Figure 38 shows the curves derived from the measurement of 
the movement of moisture in the horizontal flumes and the time 
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of such measurements. The vertical element is the distance meas- 

ured from the surface of the water in the tank and the horizontal 

element is the time in days. 
The resulting 

curves for-all these 
soils have the para- 
bolic form. Very 
rapid movement of 
the moistures occurs 

tor the first few 

days, after which 
the rate of. move- 
ment is more wuni- 

form, but. it grad- 
ually decreases with 
the lapse of time. 
It is observed from 

the figure that the 
rate of movement of 

moisture in the heay- 

ler soils, as typified 
by the Whittier soil, 
subsides much more 

rapidly than does 
the movement in the 

sandier soils. 
hea: extent’. 2of 

movement of mois- 

ture in these soils is, 
with the exception of 
Idaho lava soil, in 
inverse order to their 

moisture equivalents. 
That is, the Idaho 
soll (sandy) with 
the lowest moisture 

equivalent sho wed _ [Fu1c. 3.—Rate of movement of moisture in horizontal open 

d s 4 x flumes. Figures in circles indicate points at which that 
the greatest DIOME number of liters of water had been taken up. ‘The 
ment of moisture, dotted line for flume No. 71 (covered) is for comparison 
while the Whittier with flume No. 70 (open). 

soil with the great- 
est moisture equivalent showed the least movement of moisture. The 
Tdaho lava soil in the horizontal flume as in the vertical flume showed 
a greater movement of moisture than the moisture equivalent would 
indicate. 
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‘The figures within the small circles give in lters the quantity of 
water removed from the tanks by the soil columns at the ends of 
various periods of time. 

Table 11 gives the percentages of water used in 1, 3, 5, 10, 15, and 

20 days of the total quantity used in 80 days. 

Tarte 11.—Water removed from tanks by days expressed in percentages of 
amount removed in 30 days. 

Flume. 

Number 
of days. 

20 31 50 70 90 

Per Per Exer Per Per 
cent, cent. cent. cent. cent. 

1 17 22 26 18 17 
3 30 36 42 30 29 
5 38 42 51 36 37 

10 53 58 67 52 53 
15 67 7 78 64 67 
20 8 § 86 79 &l 
39 100 100 100 100 100 

Table 11 shows the relatively great use of water the first few 
days of the experiment. In all cases more than one-half the total 
quantity of water used in 30 days was used the first 10 days or one- 
third of the time. From 17 to 26 per cent of the total quantity used 
in 80 days was used the first day and in two-thirds of the 30 days more 
than 80 per cent of the water was used. The lighter the soil the 
smaller the relative percentage of water used the first few days, and 
the heavier the soil the greater the relative use of water during the ~ 
first few days. However, the lighter the soil the greater the total 
quantity that will be used in long periods of time. This is the op- 
posite of the conditions with the vertical flumes and is worthy of 
note. The heavier the soil the less extended will be the wetted area 
with the lapse of time, which condition is as would be expected. 
That is, a sandy soil or a Lght soil will “sub” much farther in a 
horizontal direction than a heavy soil. The results indicate also 
that a heavy soil loses more water through evaporation when the soi! 
is 10 or more inches deep than a sandy soil. This can be accounted 
for from the fact that the capillarity of the sandy soil is not suf- 

ficiently great to keep the surface wetted to the optimum capillary 
eapacity for evaporation. It shows also the influence of gravity 
even in these horizontal flumes 10 inches in depth. Table 12 gives the 
percentage of the total distance moved and the percentage of the total 
water used in 30 days for different periods of time. 
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Tasrn 12.—Distance moved and water used, expressed in percentages of the total 
for 30 days. 

Flume. 

Number Ea 20) 31 50 : 79 99 
of days. 

: Dis- Dis- i Dis- Dis- Dis- 
Water. aOR. Water. farrarele Water. hemavea Water. Cates Water. Heenan 

Per cent.|Per cent.|Per cent.|Per cent.|Per cent.|Per cent.|Per cent.|P.er cent.|P er cent.|P er cent. 
reine: |eaeeenvlegie | cect 27 26 28 18 29 21 
3 30 33 36 46 42 45 SURE LE Lees 29 34 
5 38 42 42 56 Sie | Paes ciao a 36 52 37 44 

10 53 64 58 73 67 69 52 70 53 62 
15 67 69 70 84 78 80 64 81 67 74 
20 81 82 81 91 86 87 79 88 81 84 
30 100 100 100 100 100 100 100 100 100 100 

The tables show what was to be expected, that relatively more 

water was required to advance the wetted area in the flume 1 inch 
near the end of the experiment than at the commencement of the ex- 
periment. This fact may be partially or wholly due to the loss of 
water by evaporation. However, from data secured with the vertical 
flumes it may be partially due to changes in the distribution of mois- 
ture through the length of the flumes. 

Table 13 gives the average quantity of water, in cubic centimeters, 
required to advance the moisture in the flume 1 inch for different 
periods of time. 

TABLE 13.—Avrcrage use of water to advance the moisture 1 inch for different 
; periods of time. 

Flume. 

Number 
of days. 

20 31 50 70 99 200 

CuCe Chek CaCs C&C: CuCe Cx! 
ae eieemesens Ase 500 711 259 524 300 
3 380 474 (23h Bee ne See 532 290 
5 384 AGW ee in eee 288 537 305 

10 400 488 764 300 DADA eee seca 
15 413 501 775 320 Bie OG 345 
20 422 552 778 366 617 380 
30 425 616 789 408 hPa fe et ean ae 

Since these flumes are open to evaporation, more water is required 
to advance the moisture an inch as the distance from the tank 
increases. In some instances the amount of moisture required to 

advance the wetted area 1 inch at the end of 30 days is nearly double 
that required the first few days. In the heavier types of soils, as 
represented by flume 50, a more constant quantity.is required during 
each of the 30 days than for the lighter soils as represented by flume 
70. ‘Table 13 indicates also that less water is required to advance 
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the moisture an inch in light soils than in heavy soils. In flume 31 
more moisture was required per inch of advance during the first few 
days than during the fifth day, but after the fifth day there was a 
gradual increase in the moisture required. This same condition was 
‘found in flume 200. It is probable that this results from the fact that 
the moisture percentage changes to a very much greater extent near 
the tank end of the fiume than it does toward the other end, and 
especially is this true the first few days. It is also noted from the 
results of the vertical flumes that for a distance of 14 inches above 
the surface of the water the moisture moves rather slowly upward. 
ft is probable, therefore, that during a period along about the fifth 
day there is not sufficient moisture near the top of the flume to permit 
a maximum evaporation. After that time evaporation takes place 
more rapidly and hence the increase in water consumed. Another 
fact that will be brought out in the distribution of the soil moisture 
in these flumes is the gradual increase in the percentage of moisture 
throughout the wetted area of the flume from day to day, this con- 
stantly increasing percentage continuing until very near the point of 
capillary saturation. 

In a review of Table 13 it is found that the order of the water 
requirements of these flumes at the end of the twentieth day, begin- 
ning at the one requiring the least water, is flume 70, 200, 20, 31, 90. 
and 50. Comparing this order with the order of the moisture equiva- 
lents of these soils, and beginning with the least moisture equiva- 
lent, we find the order just the same as above, except that flumes 70 
and 200 are reversed. This interchange of place is probably ac- 
counted for by the fact that flume 200 would permit of more evapora- 
tion per square inch than would flume 70. 

From the data in Table 18 it is possible to calculate for the hori- 
zontal flumes the quantity of water removed during any period of 
time, in cubic inches. Assuming the same rate of use in nature as in 
the flumes, the use of water by the soil in place can be calculated in 
acre-inches. In preparing Table 14 such assumptions were made. 

TABLE 14.—Loss of water from tanks in different periods of time. (Depth ex- 
pressed in inches on an area of 100 square inches. 

Flume. 

Number |] a 
of days. 

20 oF 50 70 90 200 

Inches. Inches. Inches. Inches. Inches. Inches. 
1 4.58 6.10 4.88 3.67 laos 6.10 
3 7.93 9.71 7.93 §.10 12. 21 9215 
ti} 10. 07 11.59) 10. 76 7.34 15. 87 11.59 
10 14.34 15; 87 12. 81 10.37 22. 58 15.25 
15 1s. 00 18. 22 14.95 12. 82 28.68 19. 53 
20 21.82 22520 16.48 15. 87 34.78 24.40 
30 26.85 27.46 19.12 20.14 AOD |e soeeedice 



CAPILLARY MOVEMENT OF SOIL MOISTURE. Oe 

Table 14 is interesting from the fact that at the end of the first 
few days the use of water by the flumes containing the lighter soils 
is greater than for the flumes containing the heavier soils. The use 
of water by flume 50, containing the Whittier soil, is, after the first 
few days, considerably slower than that by flume 200, containing the 

light sandy Idaho soil. This fact is of importance and confirms the 
observations in nature of the excessive loss by capillarity in convey- 
ing channels constructed through sandy soils. This table, in con- 
nection with figure 3, indicates the extensive and long-continued 
capillary action in a horizontal direction in the lighter soils. 

DISTRIBUTION OF MOISTURE IN HORIZONTAL FLUMES. 

In considering the distribution of moisture in horizontal flumes 
open on top to evaporation, it is difficult to obtain uniform comparable 
results. This is due to the fact that the flumes were exposed to the 
natural changes of meteorological condition and many of them were 
in operation during the extremes of temperature. Another fact that 
is of primary importance is the effect of temperature upon the vertical 
distribution of moisture within the flume. With temperatures near 
the freezing point and with the soil containing about its maximum 
capillary capacity of moisture, a distribution of moisture is found in 
the soil differing materially from the distribution in the same soil 
with higher temperattres. It is not thought, therefore, of value in 
presenting a few data toe attempt any specific calculations, but only 
general comments are made. 

In Table 15 the first column gives the date on which the sample 
was taken; the second column gives the distance along the top of the 
flume, measured from the intersection of the top line of the flume and 
a vertical extension of the inside of the vertical part of the wick. 
This point is 194 inches above the water surface, measured along the 
upper side of the wick. The third column gives percentages of 
moisture at the various points for the top 5 inches of the flume, and 

the fourth column for the bottom 5 inches of the flume. The fifth col- 
umn gives the average percentages of moisture at the various points. 
Taking the average percentages of moisture in flume 31 at the same 

point and on different dates, it is found that the percentage of mois- 
ture gradually increases until the warmer weather in June. After 
that time there may be a slight decrease in percentages of moisture 
at the different points. Taking a sample at the 9-inch point, we find 
this to be true and that the percentage of moisture on June 10 had 
decreased about 2.2 per cent from what it was on May 238. Compar- 
ing the percentage of moistures for the top 5 inches of soil at the 
9-inch point, we find that throughout the entire time there was a 
gradual increase in the percentage of moisture, while the bottom 5 
increased in moisture content until April and then decreased. 

! 
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TABLE 15.—Distribution of moisture in horizontal flumes. 

FLUME 20. | FLUME 70. 

I 1 

Dis- Top 5 | Bottom = Dis- Top 5 | Bottom : 
Date. | tance, | inches. |Sinches.|AVer@se-| Date. | tance. | inches. | 5inches, | *Vetase- 

: Inches. | Per cent. | Per cent. | Per cent. Inches. | Percent | Per cent. | Per cent. 
Apr. 18.. 3 25.72 23.04 24.38 Oct. 14: 3 13.80 14.60 14. 20 

9 20. 21 21.45 20. 85 39 4.59 9.62 7.10 
21 19. 80 21.82 20.81 | 
45 17.00 19. a 187227 + 
69 15. 74 ales 16.70 | 
g1 12.00 | 16.47 14.24 | - FLUME 90. 
93 13.34 15. 03 14.18 | 

105 152 13. 21 12.36 (| | | | ce | 
111 10.30 10.78 10. 54 Jan, 29..} 4 28. 80 28. 81 28. 80 
117 8.36 6.76 (2008 | 18 26.37 26.66 26.52 

| | | 42 19. 30 20. 07 19.69 
r= ti =. a Feb, 29.. 3 30. 53 29.15 29.84 

FLUME 31. 18 28. 44 27.87 28.15 
42 25. 44 25. 04 25.24 

| 72 18. 81 19.75 19. 28 
Apr, 20.. 9 21.29 22.96 22.12 Feb, 22: - 4 32.30 29.83 31.07 

15 20. 42 21.66 21.04 9 30. 22 27.49 28. 85 
21 18. 99 20.00 19. 50 18 28. 35 2657 27-21 

Apr. 29.. 9 23. 02 25.49 23.75 30 26.76 26.05 26. 40 
15 23.02 24.52 22.39 42 25. 86 25.27 25.57 
PAS 21. 82 22.96 22.39 54 25.35 25. 58 25.47 | 
383 18. 98 21.84 20.41 72 17. 65 23.33 20.49 - | 

May 23... 9 23. 66 25.07 24.36 84 22.39 22. 80 22000 
33 20.39 22.76 21.57 96 18. 53 19. 87 19. 20 
51 18. 45 20.18 19,31 Mane 5; 4. 4 S153 29.52 30. 52 
59 16. 43 17.76 17.09 18 27.44 26.30 26. 87 

June 10 . 9 25.2, 21.98 22.85 42 26. 33 25. 66 25.99 
22 22.55 23.65 23.10 72. YAERYE 23.67 23.52 
34 19.77 22. 74 2125 Mar. 10.. BYE; 26.50 26.00 26. 25 
52 18.35 20. 64 19.50 
64 13.81 17.88 15.85 

FLUME 260. 

FLUME 50. 

CADE Tce 3 TIE Oo 16. 28 14.10 
Sept. 21. 3 43.31 45. 86 44.58 4 12.50 18. 25 1a.37 

12 44.50 42.52 43.61 28 10.37 11.95 11.34 
24 39.16 41, 82 40.49 46 14.61 16.71 15. 66 
30 38. 92 39.94 39.43 64 9.59 13.00 eS 
33 35.65 37.01 36.33 Tend. 4, 43 5.02 4.72 

| 

In flume 90 the same conditions are found as in flume 31, except 
that during the months of January and February there is an appar- 
ent discrepancy in the percentages of moisture in the bottom 5 inches 
and the top 5 inches of soil. This apparent discrepancy is probably 
the result of temperatures below the freezing point and will be 
considered in a subsequent part of this report in connection with 
other similar analyses. 

All of the fiumes show a gradual decrease in the percentage of 
moisture from the tank end of the flume to the outward extremity 
of the wetted area. In flume 20, the average percentage of moisture 
decreases at the rate of approximately 1.75 per cent for each linear 
foot between the third and eleventh feet. In fiume 50 the rate of 
decrease is about 2.2 per cent per linear foot. The rate of decrease 
varies in these flumes, as would be expected not only from the dif- 
ferent meteorological conditions when the experiments were run, but 
also from the character of the soil. 
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FLUMES INCLINED CLOWNWARD FROM THE HORIZONTAL. 

The flumes in which it was intended that gravity should assist the 
capillary movement of moisture were inclined downward at various 
angles from the horizontal. In all the flumes inclined in this way 
the movement of the moisture and the amount of water used were 
greater than for the horizontal flumes or the flumes inclined upward 
from the horizontal. The extent to which water would move in the 
inclined flumes where the inclination downward was 10 degrees or 
more was, in most cases, beyond the limits of the equipment used. 
Most of the experiments were carried to such an extent as to warrant 
certain conclusions. The extent of this movement in the open flumes 
appears to be limited not by the friction factors, but by the power of 
the wick to supply moisture in sufficient quantity to take care of 
the evaporation from the flume. That is, were evaporation elimi- 
nated, the extent of movement in the fiumes inclined downward at 
angles greater than 30 degrees, except for the very heavy soils, would 
be far beyond experimental limits. In the case of the very heavy soils, 
as typified by the Whittier type, there were indications that in the 
less steeply inclined flumes friction played its part here as well as 
in the horizontal fiumes. 

In distribution of moisture there are found some differences be- 
tween these flumes and either the vertical or the horizontal; and, as 
will be shown later free water was developed in the flumes inclined 
downward. 

SOILS USED. 

Table 16 gives the numbers of the flumes and the soil contained in 
each: 

TApLe 16.—Soils in flumes inclined downicard. 

Description. 

4 | Decomposed granite soil irom Riverside, Calif. 
24 | Decomposed granite and clay from Riverside; Calif. 
54 | Heavy clay soil from Whittier, Calif. = 
74 | Sand and gravel soil from Uplands, Calif. 

| 94 | Lava ash from Idaho. 
| 204 | Sandy soil irom Idaho. 

| 

Figure 4 gives the dates and measurements for ghe movement 
of moisture in flumes inclined at an angle of 30 degrées and open on 

top to evaporation. The horizontal element is the time and the 
vertical element the distance in inches. 
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A comparison of figure 4 with figure 2 shows very strikingly the 
part gravity plays in capillarity. It shows to what extent gravity 
aids or retards the movement of soil moisture by capillarity. An- 
other striking feature is the comparative uniformity of the rate oi 
movement of the moisture after the first three or four days. While 
there is a general slowing down of the rate at which moisture ad- 
vances from day to day, it is so much less marked in these flumes 
than in the flumes discussed in previous sections as to be of compara- 
tively little moment. 

Tt is observed that after the first day or two the type of soil used in 
the flames is of greater importance in limiting the extent of the move- 
ment of the moisture. The more open and porous the soil, the more 
rapid and extended the movement of the moisture. For instance, in 
the sandy Idaho soil of flume 204, the moisture advanced as far in 
one day as it would in the heavy Riverside soil in five and one-half 
days and 50 per cent farther in the first day than it would in the 
heavy Whittier soil in 30 days. In flume 204 the only himit to the 
extent of the movement of moisture was the ability of the wick to 
furnish the moisture. However, the porosity of the soil is not the 
only factor, but the transporting power of the soil itself is of prime 
importanee. For instance, comparing fiume 34 (heavy Riverside) 
with flume 74 (Upland), flume 34 has the greater rate of movement 
of moisture at all times within the limits of the experiment, and yet 
the soil of flume 74 has the greatey porosity. The difference in the. 
rate of movement in these two soils appears to be due to the difference - 
in the capillary power of the wick to transmit the water from the 
tanks to the flumes proper. Had there been less vertical lift from the 
tank to the flume by the wick, flame 74 would undoubtedly have 
shown the greater rate of moisture movement. The effect of porosity 
is well illustrated in flumes 74 and 94. The soil in flume 94 has the 
greater porosity, and while the rate of movement of the moisture is 
less in this flume for the first week, it has the greater rate of move- 
ment thereafter. Again, comparing fiumes 4 and 34, the soil in flume 
4 has the greater porosity, but the soil in flume 34 the greater capil- 
lary power, and after the first two weeks the rate of movement of 
moisture in flume 34 is greater. 

In table 17 is given the extent of movement of moisture as shown in 
figure 4, in percentages of the extent of movement in flume 34. 

That is, in flume 34 the moisture had moved the first day 26 inches, 
or 100 per cent. In flume 4 the moisture had moved the first day 
28.85 inches, or, as compared with the movement of moisture in flume 
34, 111 per cent, while in flume 54 the moisture had moved 10.7 
inches, or, based on the movement in flume 34, 41 per cent. Flume 34 
maintained a relatively higher rate of movement of moisture than 
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Tigures in circles indicate points at which that number of liters 
of water had been taken up, 

‘Fic. 4.—Rate of movement of moisture in open flumes inclined downward at thir 

from the horizontal. 
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any other flumes, although flume 94 maintained nearly the same rate 
after the first day. In view of the fact that these flumes were oper- 
ated at different seasons of the year, it is not possible to say to what 

extent the variable me- 

TaBLE 17.—Comparative movement of moisture, teorological conditions 
4 9 2 morveme “ ry 3 in percentages of movement in flume 34. might have influenced 

the results. 
Vlume. ; 

Number ae a In Table 18 there is 
| of days. 
| 4 EY ee Sg eed ee shown for. each fiume 

== —— | the percentage of the 
Per cent. |Per cent. | Per cent. | Per cent. | Per cent. total distance moved in 

00 1 85 82 1 11 1 4 
3 i11 100 42 87 85 ‘ : mt ae a “ z 30 ok a eer 

10 102 100 34 7 83 ; 
15 99 100 31 78 7 ee a) ope gece 
RO ect eer 100 29 78 78 and 20 days. 
B0el eres 100 27 73 89 “ 

Table 18 shows in an- 
_ other way what has been 

previously stated. The heavier soil and less porous soils show a rel- 
atively greater percentage of movement of moisture the first day or 
two and a relatively slower rate of movement the last few days. The 
lighter and more porous soils show the more uniform and more ex- 

tended movement of the moisture. It is found that in all the flumes, 
in 5 days, or one-sixth of the 30 days, more than one-third of the 
total 30-day distance was traveled; in 10 days, or one-third of the 
time, more than one-half the distance has been traveled, and in 20 
days, or two-thirds of the time, more than four-fifths the distance 
has been covered. 

In the discussion previously given of these flumes only the 30-day 
limit of time was used. However, in figure 4 the curve for flume 
54, the heavy Whittier soil, 

Taste 18.—Movement of moisture by 
shows that after 30 days the 
rate of movement of the mois- 

days, in percentages of total move- 
ment in 30 days. 

ture continues to grow less and tae 

less every day, although there 1s Number 
: a es ates 2 : of days. i 

considerable uniformity in the 34 54 4 94 
rate of decrease of movement. ‘ s =e 

2 : er cent. er cent. eT cent. er cent. 

The figures would indicate that 1 M 22 16 15 
: e 7 a 6 

the movement of moisture 5 32 46 a7 35 
i E 10 50 62 83 52 

would reach a considerably 15 65 i 63 65 
° ( oo OL 

greater distance than that 30 | 100 100 160 100 

shown upon the figure. It is : , ey 

seen that in flume 74 (Upland soil) after 47 days the rate of movement 

of the moisture is not much less than it was at 30 days, and the evi- 

dence is that the moisture would continue to move in this flume rather 

indefinitely ; especially would this be true were evaporation prevented. 
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WATER: GSIED: 

The figures in the small circles show in Jiters the water used by 
these flumes. The water used by flumes inclined downward is, like 
the movement of the moisture, greater than for the horizontal or 
vertical flumes. A striking feature is the rather uniform use of a 
comparatively constant quantity of water after the second or third 
day. The rate of use is more constant and uniform than for the 
vertical or horizontal flumes. Flume 34 had used on the tenth day 
about 4 liters of water; on the twentieth day about 8 liters; on the 

thirtieth day about 11.5 liters; and on the fortieth day about’ 14 
liters. In flume 54 with the heavy Whittier soil an even greater 
uniformity is observed. In this flume there was used approximately 
the same quantity of water every day after the sixth day up to the 
fifty-seventh day, or at the end of the experiment. The same 
uniformity is found, in fact, in 
nearly all of the other flumes. 
One fact worth special notice is 

TaBLteE 19.—Water used, by-days, in 

percentages of total use in 30 days. 

that the use of water by the flume Dame. 
T ve | 

as represented by the loss of {mye ae om STs wae 
water from the tanks is that ie va letae | 

; ———————— | 
evaporation does not appear to UA GIAGEz Per cvzt.| Per cent.| Per ecrt. 

have varied the use to any ex- | } 2 22 ye 00 eee 1 35. | ; 
; 5 5 23 43 25 =| 28 tent. This is true though the 10 29 5 ieee 

same flume was exposed to al- | 2 ee & Be a 

most all the different and vari- | % 1 alka see eel 
e,e - ja Arye | Fader \k on teed 7 | 

able weather conditions found at oa eee eA ee Gea acces eet 
Riverside. To show the relative 
uniformity in the rate of use of water by some of these ‘flumes 
Table 19 has been prepared. 

Table 19 shows that the heavier soils use relatively more water 
at the commencement than near the end of the experiment. It shows, 
also, a more uniform use by the heavier soils. It shows, for instance, 
that the soil in flume 54 had used relatively more than twice as much 
water as any other flume at the end of the first day, while on the fif- 
teenth day it had used relatively only about one-fifth more than the 
others. Table 20 shows the amount of water required at different 

periods of time to advance the moisture in the fiumes an average dis- 
tance of i inch. For instance, on the third day, flume 24 had used 
18 liters of water and the moisture had advanced 44.15 inches, or an 
average of 479 cubic centimeters of water was required per inch. 
A comparison of the figures in Table 20 with the moisture equiva- 

lents of the soils appears to show no close relation. However, in a 
general way the greater the moisture equivalent the greater the 
quantity of water required to advance the moisture 1 inch. It is ob- 

147697°—20—Bull. 885 —3 



34 BULLETIN 835, U. S. DEPARTMENT OF AGRICULTURE, 

served in nearly all of the flumes that less water is required per inch 
about the third day than at any other time. In all cases, however, 
more water was required per inch at the end than was required at the 
beginning of the experiment. It is observed that for soils of the 
heavier type represented in flume 54, for some time after the com- 
mencement of the experiment less water is required per inch than 
for the followimg day, but after about the thirtieth day there is a 
very rapid increase of the water requirements. It is probable that 
there is some concentration of moisture at the top of the vertical lift 
before the moisture changes direction to the inclined paré af the flume 
and that this moisture is partially drawn upon to advance the mois- 
ture in the inclined part of the fiume. After a few days this surplus 
supply, if such it may be called, is exhausted and then the moisture 
to advance the wetted area in the flume can be derived only from the 
supply in the tank. It must be kept in mind also that with the lapse 
of time a greater wetted area is exposed to evaporation, and this in 
itself would account for some additional water requirement per inch, 
In some cases the water requirement per inch at the end of the for- 
tieth day was about double the requirement the first day, but in the 
heavier soils this is not so pronounced. 

TABLE 20.—Water used to advance moisture 1 inch at different times, in cubic 
centimeters. 

| 

} lume. 

Number | - 
of days. | | 

| 4 34 54 74 94 204 

| 
c.C. Cats CC | 2 ets CCs20 || Gea 

1 | 319 385 743 | 290 566 sla 
3 | 346 447 | 707 338 562 360 
i, 425 498 700 336 Gk. 1| Saat 
10 | 450 | 533 677 364 BOS NL aes 
15 545 569 680 411 0344 |i sees 
20. |S see eae 607 | 697 419 647 | = 
pie eee 684 735 | 507 Daag |). cane 
AQ eee. sen een ede 806 | 56d, do ee a 
iC): eee cee ene aren SAB |e a ee ee ee 
a aoe oe Pee ictel: Sl Reena ems Rade arian 41) L Es cer Coe) 2 5 

FLUMES INCLINED UPWARD FROM THE HORIZONTAL AT AN ANGLE OF 15°. 

To throw some light upon the effect of a relatively small inclina- 
tion of the flumes upward from the horizontal, the data will be given 
and discussed for the flumes inclined upward at an angle of 15° and 
open on top to evaporation. The flumes are the same in every respect 

as the others, except the angle of inclination. In these flumes there 
is a vertical lift of 4 inches before a change is made in the direction 
of the fiumes. 

They show a much less mevement of the moisture and a much less 
use of water than the horizontal flumes, but a more extended move- 

ment of the moisture and greater use of water than the vertical 
flumes. 
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P SOILS USED. 

Table 21 gives a list of the flumes inclined upward at an angle of 
15° and soils contained in each. 

TABLE 21.—Soils in flumes inclined upward at an angle of 15°. 

Description. 

39 | Decomposed granite with clay from Riverside, Calif. 
58 | Heavy clay soilfrom Whittier, Calif. 
76 | Sand and gravel scilfrom Upland, Calif. 
96 | Lava ash from Idaho. 

206 | Sandy soilfrom Idaho. 

MOVEMENT OF MOISTURE, 

Figure 5 gives the distance the moisture had moved in the flumes 
at the end of the time indicated. The horizontal element is the time 
im days and the vertical element is the distance in inches. 

Fic. 5.—Rate of movement of moisture in open flumes 

inclined fifteen degrees upward from the horizontai. 

Figures in circles indicate the points at which that 

number of liters of water had been taken up. 
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From figure 5 it is seen that the curves for the movement of mois- 
ture have the same parabolic form as the curves in the preceding 
figures. A comparison of these curves with those for the vertical and 
horizontal flumes shows the importance of gravity in the rate and 
extent of movement of moisture by capillarity. 

The curves show that the rate of movement of moisture is rather 

more uniform over an extended period than in the vertical flumes. 
After the first two or three days 

TABLE 22.—EHaxtent of moisture move- Ee 

ment in flumes at various times. there is a gradual slowing down 
of the rate of movement from 

ines day to day. Where the experi- 

peas ee one : ment is carried on for 50 days or 

39 a 76 96 more it is observed that the rate 

of movement is very slow at that 
Per cent. | Per cent. | Per cent. | Per cent. K 

1 34 30 30 21 time. 
3 51 53 53 37 : 
: S 59 a a Table 22 gives the extent of the 

“4 (ao oO D! * 

15 83 84 84 78 movement of the moisture at 
20 a a1 90 86 ‘ : ; : 
30 100 | 10 100 100 aT Our aes den pared a a ee 1 ena | various times, in percentages o 

50 M2 2 .. sees 109 |.......---| the movement in 30 days. 
Tt is observed from Table 22 

that the relative rate of movement in the first three flumes day by 
day was about the same. In flume 96, however, the rate of movement 
of the moisture was relatively not so great during the forepart of 
the experiment, but that a more uniform rate cf movement was 
maintained throughout. In the first three flumes more than one-half. 
of the total 30-day distance had been traveled in three days, or ‘one- 
tenth of the time, and in two-thirds of the time more than nine- 

tenths of the 30-day dis- 
Taspie 23.—Relative movement of moisture, by 

tance had been traveled. percentage of movement, in flume 96. 
In flume 96 on the third | bes 
day only about one-third | | Ae: 

of the distance had been _ | Sapber |——— ee 
traveled, and it was not | (Bee Be 2 76 ae 

until about the sixth day | Per cent. | Per cent. | Per cent. | Per cent. | Percent. 

that one-half of the dis- is A 2 a HN eee 

tance had been traveled. ot eats ne ane oe 

From Table 23 it is ile te ts cee h oe a oot 
found that on the thir- | SO eel ee ia ee 

tieth day the moisture 
in flume 58 had moved but 40 per cent as far as in flume 96, while in 
flume 39 the moisture had moved one-half as far as in flume 96. 

All of these flumes when compared with flume 96 show a lesser 
relative movement during the latter part of the experiment than 
during the forepart of the experiment. This table shows also that 
the heavy soil as represented in flume 58 has a much less rapid rate 
of movement during the forepart of the experiment, but that the 
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rate of movement as compared with flumes 39 and 76 is more uni- 

form. The figures for flume 206 show the rapid decrease of rate of 
movement of the moisture from day to day. 

WATER USED. 

The amount of water used in the flumes inclined upward is greater 
than for the vertical flumes and less than for the horizontal flumes. 

The total quantity of 
water used by the fiumes 
inclined at an angle of 

TABLE 24.—Water used by flumes at different 
periods of time. 

15° upward from the Flume. 
horizontal “is piven in | hrgeber 
liters in figure 5 in the 2 S . e es 

small circles. Table 24 Liters. Liters. Liters. | Liters. | Liters. 

gives the total quantity 3 | ase | aso | “80 2 | 90 
of water, in liters, used 1 | 10 | ao | ito 3) | 188 
by the different flumes 2 | 5 | 80 | 208 53 | 1578 
at the end of different qo | aos | gets | oho le ol cased 
periods of time. The a cess ove mallee aan Reger 
Same information is 
given in Table 25, in percentages based upon the quantity of water 
used by each flume at the end of the thirtieth day. 

This table shows that the heavier soils as represented in flumes 39 
and 58 use relatively mere water during the first few days of the 
experiment than do the lighter soils. In the heavier soil about the 
fourth day 50 per cent of the tctal quantity of water used in 30 days 

a : had been used, while for the 
TABLE 25.— Water used, by days, in per- 

centages of total used in 30 days. . lighter soils there had been used 
on the fourth day only about one- 

Flume. third the quantity used in 30 
Number 
of days. = days. 

39 58 75 96 
Table 26 gives the average 

, Per ee Per Be Per eee IGP Cee quantity of Hee removed from 

5 - a let at 3, | the tanks at different periods of 
2 a a a8 s0 | time to advance the moisture in 
mB a ue of 3 | the flumes an average distance of 
Hn an og al ee 00 | 1 inch. That is, in flume 39 at 
” a ee ee ~~ the end of the fifth day there had 

been removed from the tank 15.5 
liters of water and the moisture had advanced in the flume a total 
distance of 28.55 inches, or there had been used an average of 548 
cubic centimeters of water for each inch the moisture had advanced. 

Table 26 shows that in the lighter soils the quantity of water used 
near the beginning of the experiment was very much less than the 
quantity of water used during the last part of the experiment. In 
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flume 76 at the end of the fiftieth day there was used twice as much 
water per inch as for the first day. in fiume 39 there is shown after 
the third day somewhat of an increase in the use of water from day 
to day, but it is much less marked than in any of the other flumes. 
In flume 96 the use of water on. the thirtieth day is about 25 per cent 
in excess of the use on the first day. The increase in the quantity of 

moisture required per 
ABLE 26.—Water used per inch of advance. : : ; 
ee eee : inch with the lapse of 

Flume. ; time is probably due 
eran z ae a ; largely to the effect of 

: ee | : | © | evaporation. In flume 
aw, ie te 86 oe 58 the distribution of 

A oS a ae oe 207 | moisture was so uniform 
- a ee a oe 20 | as compared’ with the 
aa pay ae zl ni 301 | other flumes that the 

| 003 | oa | ae |. ee oii) quantity of water in the 
i ee [peg ceed tere igen flume per inch through- 

out its length is almost 
the same, with the exception of the upper few inches. In the 
other flumes there is a marked decrease in the percentage of moisture 
from near the tank to the outer extremity of the flume. The relation 
of the figures in this table to each other corresponds very closely with 
the relation of the moisture equivalents for the soils represented. 
To show the amount of water removed from the tanks by the 

flumes expressed in depth in inches on an area equal to the cross . 
section of the flumes, Table 27 is presented. 

At the end of the thir- guys: 97Wwater removed from the tanks by 
tieth day it was found capillarity expressed in depth on an area equal 
faet Tap yaanae had taken - to the cross section of the flume. 

from the tanks suflicient Phime. 
water’ to cover the cross | Namber ji ____________ owe 

of days ; . : ol 
section of the flumes to a oe ee ie ze 208 
Jepth of from AO 
d an pees _ to | i Inches Inches Inches. Inches Inches 

See : 4.58 6. 41 3.05 6.71 4.27 
ate oe ia ie rere the 3 7.93 | 9.15 4.88 12. 20 5.49 

: 4 < is the same 5 9.44 | 11.59 6. 10 16. 47 6.4 
rate L085 18 he same 10 | abso | 14.03 8.54 | 23.79 8.24 

rep ¢ , ¢ . 15 13. 42 15. 56 10. 37 29. 28 ‘0 
over the area ‘ol an acre 20 14. 95 17 08 12. 51 34.16 9. 61 

= aniee eens 30 16. 78 19. & 15.99 Sac85.. isa see 
as over the area repre 40 19. 06 22. 42 10 ah © en eRe Oh Sd 

sented by the flumes, 50 21.35 25. OL aS AO seince rere (ae eee 

then in 20 days the acre 
of soil represented in flume 39 would have removed from the under- 
ground water 16.78 acre-inches of water, while the soil represented 
by flume 96 would have removed 39.65 acre-inches of water, or a 
little more than twice as much. These tables are valuable in that 
they give an indication of the quantity of water that may be removed 
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from underground water sources by capillary action of the soil. It 
must be kept in mind, however, that in the case of the flumes evapo- 
ration and capillarity are acting at the same time. 

"DISTRIBUTION OF MOISTURE. 

The distribution of moisture in the flumes inclined upward at an 
angle of 15° does not differ materially from the distribution in 

in Table 28 is the vertical fiumes. 
given the distribution of moisture in TaBLe 28.—Distribution of mois- 

_ture in flume 96. 
flume 9€ at various times. It will be 

noticed that in this table, as in that 
for the vertical fiumes, there is rather 

| 
{ Perceniace of water. i 

| | 
| a E é Distance. | 

a uniform constant quantity of mois- | leone | Bottom | sverage 

ture near the lower end and then a | Ei 
gradually decreasing amount to- Inches. | Per cent. | Per cent. | Per cent. ' 
ward the top of the flume. The rates 70 | 3856 | 27.50 38 82 
of decrease, however, are not com- | bt ie pst | 24.85 
pareble as far as the figures in this 35 | orl | 31. 98 31 33 
table and those for the other flumes re 
indicate. 

In the open flumes there are several factors which account for a 
lack of uniformity in the distribution of moisture other than the 
mere fact of elevation above the surface of the water. The rate of 
evaporation is different for different points of the flume due to dif- 
ferences in moisture content of the soil (18). The concentration at 
the surface of the soluble salts of the soil, which will be different at 
different points throughout the flume, would cause some difference in 
the moisture content due to lessening evaporation. 

Taste 29—Number of 
flume and angle of in- 
clination. 

No. of - | Angle ofincli- 
finme. | pation. 

34 } 30° downward. 
32 | 15° downward. 
31 Horizonial. 
39 | 15° upward. 
42 |}- 45° upward. 
43 | Vertical. | 

EFFECT OF GRAVITY ON THE MOVE- 

MENT OF SOIL MOISTURE BY CAPIL- 
LARITY. 

As stated in this report, the plan was to 
have capillarity act in the direction of gray- 
ity, in a direction opposed to gravity, and in 

a horizontal direction in which gravity was 
eliminated as far as possible. To give an idea 
of the influence of gravity in the movement — 
of soil moisture by capillarity there are given 

below data on a complete set of flumes containing the heavy Riverside 
sou. While the other soils show considerable variation, these varia- 
tions are almost entirely in degree and it is not thought that the ad- 
dition of these data to this report would be of any material benefit. 
Table 29 gives a list of the flumes in the set under consideration 
and their angles relative to the horizontal. 
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There was in this set an additional flume inclined downward at 
an angle of 45°, but the results from that fiume were so near lke 
those of the flume inclined at an angle of 30° downward that the 
addition of the data from this flume would be confusing without 
adding to the value of the information. In fact, the flume inclined 
downward at an angle of 45° was discarded after the third set 
of experiments, for the reason that it did not add to the information 
obtained from the fiume inclined downward at 30°. 

Figure 6 gives the results of the daily measurements of the move- 
ment of moisture in the several flumes. Table 30 gives the distance 
the moisture had moved at different periods of time from 1 to 40 

days. 

TABLE 30.—Distance moisture had moved at various times, in flumes placed at 
. dijferent angles. 

Flume. 

Days. 

34 32 31 39 42 43 

° : ; [ | i 

Inches. Inches. Inches. Inches. | Inches. Inches. 
3. | 26. 00 22.05 20. 00 16.35 16. 75 15.70 
3 {| 44.15 33. 75 24.55 24.40 20. 75 
5 58. 25 41.20 28. 55 28. 85 22. 82 

10 91.05 53.30 35.80 32.90 26. 25 
15 118. 65 61.40 40. 25 34.65 28. 05 
20 144. 05 66.15 43.65 | 36.05 29. 40 
30 181.25 75.80 48. 40 37.50 31.55 
40 iikeesecee es 8. 36 79. 85 51.25 38.75 | 33:15 

Table 80 and figure 6 show very strikingly the effect of gravity on ° 
the capillary movement of soil moisture even at the end of the first 
day. It is obvious that in the horizontal flume the distance the 
moisture had moved is less than in either of the flumes inclined down- 
ward and is greater than for those inclined upward. This relation 
holds true not only for the first day but for all the time up to 40 
days. ‘The table shows that the movement of moisture is less ex- 

tended in fiumes inclined downward 15° than it is in flumes inclined 
downward 30°, but that the difference is not nearly so marked as is 
the difference between the 30° flume and the horizontal one. Flumes 

31 and 32 show very clearly the effect of a relatively slight inclina- 
tion downward from the horizontal. | 

For instance, on the thirtieth day the moisture has moved in flume 
32 a little more than twice as far as in flume 31. The figures pre- 
sented above and the figures obtained for the fiumes inclined down- 
ward at an angle of 45° indicate that at least after an angle of 15° 

is obtained the effect of inclination is not nearly so marked, degree by 
degree, as for the first 15° of inclination. Comparing the horizontal 
flume with the flume inclined upward, we find that even on the first 
day the inclination is a marked factor in the extent of the movement 
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Fig. 6—Rate of movement of moistue in set of flumes at various slopes each containing 

Riverside heavy decomposed granite loam soil. Figures within circles indicate point at 

which that number of liters of water had been taken up. 
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of the soil moisture. At the end of the thirtieth day we find that the 
flume inclined upward at 45° gives only one-half as extensive a 
movement of the soil moisture as the horizontal flume, and the flume 

melined upward at an angle of 30° gives about two-thirds as exten- 
sive a movement of the soil moisture. ‘Taking the four flumes, the 
horizontal, the one inclined upward at 30°, the one inclined upward 
at 45°, and the vertical flume, the extent of soi] moisture in distance 

within these flumes is in the order given, with the greater extent of 
moisture in flume 31 or the horizontal flume. 

To show more clearly the effect of gravity upon the movement of 
moisture by capillarity, Table 31 gives the data of Table 30 in per- 
centages of movement in the flume inclined downward 30° : 

TABLE 31.—Relative movement of moisture in flumes, expressed in percentages 
of movement im flume 384. 

Flume. 

Number 
of days. 

| 34 32 31 39 42 43 

| | 
Per cent. | Per ceni. | Per cent. | Per cent. | Per cent. | Per cent. 

1 100 85 80 63 64 | 60 
3 100 93 76 56 do | 47 
5 100 94 71 49 49 | 39 

10 | 100 90 59 39 36 | 29 
15.| 100 90 iy) 33 29 | 24 
20 100 87 46 30 25 | 20 
30 100 85 42 26 D104 12 

} | | 

On the thirtieth day we find that the moisture in the vertical flume 
has moved but 12 per cent as far as in flume 34 and in flume 42 it has - 

moved 21 per cent as far; in flume 39, 26 per cent as far; in flume 

32, 85 per cent as far; and in flume 31, 42 per cent as far. It is 
obvious that the above percentages are comparable to the angles of 
inclination relative to the horizontal. This table brings out even 
more strikingly the effect of gravity in the movement of soil moisture 
by capillarity. . 

Table 32 gives the relative distance the moisture had moved in the 
several flumes for different periods of time, based on the distance the 
miosture had moved in 30 days in the respective flumes. 

TABLE 32.—Capillary movenent of moisture at various times, in percentage of y 
the movement in 30 days. 

° « 

Flume. 

Number = = 
of days. 

fixe bo (ee) > 34 32 3l 39 

Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
14 14 26 34 45 50 

5 32 36 54 59 77 72 
i0 50 53 70 74 88 83 
ay 65 68 81 83 92 | 90 
20 79 79 87 90 96 93 
30 100 100 100 100 100 100 
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The striking feature-of Table 32 is the fact that as the flumes re- 
cede from the vertical the rate of movement day by day is more uni- 
form and more constant. In the flume inclined downward at an 
angle of 30° the extent cf movement of moisture on the fifteenth day 
or one-half the time was 65 per cent of the total movement of the 
moisture in 30 days. -In flume 32 this percentage was 68. In flume 
31 or the horizontal flume it was 81 per cent; in flume 39 it was 83 
per cent; and in the flume with a vertical angle of 45° it was 92 per 
cent. 

To present the above data in a more condensed form, figure 7 has 
been prepared. 

i) 
Do 
t S56 9 6 - f -£--- Horizontal 

Line between moist \ ~~ 
\ond_dry, soils at end. 

of /5°d. ays . 

Wie. 7.—Comparison of rate of movement of moisture in flumes of various slopes; all 

fumes containing Riverside heavy decomposed granite loam. Also shows appearance 

of moisture curves from top to bottom of flumes, except Nos. 32 and 39. 

Figure 7 shows the relative positions of the moisture in the 
various flumes with reference to the surface of the water in the tanks 
at various times during the experiment. The lines on the drawing 
showing the direction of the flumes represent the longitudinal axes 
of the flumes along their center lines. The figures show the direc- 
tions and the paths through which the moisture from the tanks must 
travel along the center lines of the flumes. It is obvious that during 
the forepart of the experiment the lines joining the points represent- 
ing the positions of the moisture on the different dates are very ir- 
regular. It shows that there is a tendency of the curve joining these 
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points to become more uniform in outline as the experiment con- 
tinues for longer periods of time. That is, the line joining the points 
representing the position of the moisture on the thirtieth day is 
more regular and uniform than is the line joining the points for the 
position of the moisture on tle first day. The figure indicates that 
with the lapse of an extended period of time the line joining the 
points representing the extreme extent of moisture would be of a 
parabolic form. ‘This curve would have a rather limited extent in 
the vertical direction upward, but the longitudinal extent and the 
extent downward from the vertical might be infinity. Even with 
evaporation a factor, these last two named distances are relatively 
very great as compared with the vertical elements. The drawing 
emphasizes and portrays more clearly than do the figures the im- 
portance of gravity in the movement of soil moisture by capillarity. 
These deductions are of importance from the economic point of view 
in that they show very clearly what may be the distribution of mois- 
ture within the soil of water applied upon sloping ground. It in- 
dicates, for instance, that the extent of distribution of moisture down 
a slope would be much greater than it would be up a slope. A com- 
parison of the data for these flumes indicates how great would be the 
loss of water in conveying channels through capillary action where 
the conveying channels traverse ground having a transverse slope. 
These data would indicate that on the lower side of the channel cap- 
illary action would continue taking water frora the channel in 
about the same quantity for an indefinite period of time, while on- 
the upper side the loss of water through capillarity would be very 
much less in quantity and in extent of time through which it would 
act. These figures indicate further the importance of slope of the 
strata of alluvial soil, both in reference to conveying channels and 
impounding reservoirs. In other words, these data indicate that 
with any appreciable slope downward of the strata, capillary action 
continues indefinitely. . 

WATER USED. 

In considering the quantity of water used by the several flumes 
from the vertical upward to the 45° downward from the horizontal, 

it is found that the inclination of the flume is a most potent factor 
in determining the quantity of water that will be removed from the 
tanks. The data for these flumes indicate clearly the effect of gravity 
in the movement of water as soil moisture by capillary action. A 
difference in inclination may mean, and most frequently does mean, 

a difference between practically no movement of soil moisture and a 
movement of an appreciable relatively constant quantity of water. 
The figures within the small circles in figure 6 give in liters the 

quantity of water removed from the tanks. 
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. An examination of these data shows that the flumes inclined up- 
ward from the horizontal use a relatively large quantity of water 
during the first two or three days and that after that time a relatively 
small quantity of water. Near the end of the 30-day period very 
little water is taken up by these flumes. With the flumes inclined 
downward from the horizontal a somewhat larger quantity of water is 
used during the first three or four days than thereafter. However, 
these flumes after about the fourth or fifth day use a rather constant 
uniform quantity of water for an indefinite period of time within the 
limits of these tests. Table 33 gives the total quantity of water in 
liters used by the several flumes for different periods of time and 

_shows in a more condensed form the data presented in figure 6, and 
that on the thirtieth day a vertical flume had used but 15 liters of 

TABLE 33.—Total quantity of water used at various times, in liters. 

Flume. 

Number 
of days. 

34 32 31 39 42 43 

1 10.0 9.5 10.0 te 5 10.0 7.0 
3 20.0 18.0 16.0 13.0 14.0 10.5 
5 29.0 25.0 19.0 1525) 16.0 iulal 

Om | 48.5 42.0 26.0 19.0 19.0 12.4 
15 67.5 59.0 3155 22.0 2165 1325 
20 til 78.5 36.5 24.5 23.75 13.8 
30 124.0 112.0 45.0 27.5 28.5 15.0 
40 | 150.0 140.5 53.0 31.25 30.5 15.8 | 

| 

water, while a fiume inclined downward at an angle of 30° had used 
124 liters, or about eight and a third times as much. The table also 
shows that, with the exception of flumes 39 and 42, the quantity of 
water used by each flume was in the order represented by the in- 
clination of the flume from the vertical downward. This table shows 
that for the flumes inclined downward at angles of 15° and 30° there 
was not such a great difference in the total quantity of water used. 
In other words, it would appear that for the flume inclined down- 
ward at an angle of 15° the capacity of the wick to furnish moisture 
to the flume from the tank had been about reached. In the two flumes 
39 and 42, or those inclined up at an angle of 15° and 45°, respec- 
tively, we find not much difference in the quantity of water used. 
Just why this condition does exist in this case, there are not sufficient 
data to indicate clearly. However, flume 42 contains a relatively 
higher per cent of moisture than does flume 39. This of itself is not 
quite sufficient to account for the difference. 

On the fortieth day flume 43 had removed from the tank the equiva- 
lent of 9.64 inches, and flume 34 had removed the equivalent of 91.58 
inches. These figures are striking in that they show what effect the 



46 BULLETIN 835, U.-S..DEPARTMENT OF AGRICULTURE. 

slope of the ground has in assisting capillarity to draw water from 
conveying channels and storage reservoirs. 

TasBLe 34.—Quantity of water removed from -the tanks at various times, 
expressed in depth, on an area equal to cross section of flume. 

2 

Flume. 

Number 
of days. i of 

34 32 | Bl 39 | 42 43 
| 

Inches. Tnaches. Inches. Inches. Inches. Inches, 
a 6.11 5.65 6.11 4.58 6.11 4, 28 
3 12. 22 10.99 9.76 7.93 8.54 6.41 
5 17.72 15. 26 11.59 9.46 9. 76 6.77 

10 | 29.61 25. 64 15. 86 11.59 11.59 7.56 
15 | «41.20 36. 02 19. 22 13. 42 12. 81 8.54 
29 53. 40 47.90 22. 28 14.95 14.50 9.16 
40 91,58 85.75 -|> 32.33 | 19.06 18.63 9.64 

Table 35 gives the number of cubic centimeters of moisture re- 
quired to advance the moisture in the flumes an average distance of 
1 inch at different periods of time. One point worthy of note in this 
table is the fact that flume 48 used about the same quantity of water 
per inch throughout. It must be kept in mind that this flume was 
closed to evaporation and that no water escaped from this tank that 
was not confined within the wetted soli area of the flume. The other 
flames were all open to evaporation. The figures seem to indicate 
that as we recede from the vertical the quantity of water required 
per inch is less. However, these figures are so confused with the 
evaporation that they do not indicate the true facts as to the require- 
ment of the soil itself when placed at these different angles. The 
evaporation factor is confused, for the reason that the soil within the 
fiume contains relatively different percentages of moisture, which 
has an influence upon the quantity of evaporation. Furthermore, 
the wetted area of soil differs so greatly in the several flumes and 
hence that the area exposed to evaporation is much different. 

TABLE 35.—Arerage quantity of water required to advance wetted area in flumes 
1 inch. 

Flume. 
Number 
of days +4 : 

34 32 31 39 | 412 43 

- | 
c.c €..C. CxC Cie | C50 C.cs 

1 385 419 500 406 596 446 
3 447 436 474 530. | 573 506 
5 498 455 477 543 573 | 486 

10 533 513 488 531 | 587 482 
15 569 561 501 556 629 487 
20 608 626 562 573 663 471 
30 | 684 | 739 616 548 760 476 
AO. eas ae $43 681 | 605 767 476 
7p eee eas eRe ReE SLOT Dew. nibs cil Sa | A Oe 
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EVALUATION OF EMPIRICAL CURVES. 

Tn order to determine whether any mathematical relation could bs 
found between the curves representing the movement of moisture in 
the different soils, mathematical equations to fit these empirical 
curves were found for typical flumes. The curves representing the 
movement of moisture in flumes at various slopes containing River- 
side heavy decomposed granite loam were evaluated to ascertain 
whether the movement of moisture was a function of the angle of the 
slope. 

The problem of finding a mathematical equation to fit a given 

curve is a tedious one. Since many soil physicists are perhaps un- 
familiar with methods of procedure other than by the method of 
least squares, which is so laborious as to limit its application. the 
method which was used to derive these formule is explained in 
detail for two of these, one of which is a simple ease and the other 
much more complicated. The method used is that explained in 
Engineering Mathematics, C. P. Steinmetz, New York, 1917, pages 
209-274, to which reference is also made for an explanation of the 
properties of different curves. 

in the following description, the number of days on which the 
moisture position was observed is denoted by x and the position of 
advancing moisture measured in inches above the water surface is 
denoted by y. The corresponding values of # and y were tabulated 
and plotted as a curve. It is apparent that the curve in every 
instance must pass through the origin, for when v=0, y=0, and 
the nature of the problem also suggests that the curve be in the form 
of a parabola. This was found to be true in the majority of cases, 
but, as will be seen in the formule given on a subsequent page, the 
curve law in some instances changed within the range of the 
observations, 

Curves which are represented by yaa" are parabolic or hyper- 
bolic eurves passing through the origin. When 7 is positive, the 
curve 1s parabolic. When v is negative, the curve is hyperbolic. 

The logarithm of the equation y=aa is log y=log atn log z, 
which is a straight-line formula. If the curve resulting from the 
plotting of the logarithm of y against the logarithm of ~ is a straight 
line, the curve representing the data is a parabola or hyperbola. 

The equation for the exponential curve is y=ae™, which usually 
occurs with negative exponent in the form y=as™*, which gives log 
y=log a—nx log<. Log y is a linear function of x and plotting log 
y against 7, or log x against y, gives a straight line. Thus plotting 
log y and log x and « and y against each other permits the form 
of curve to be recognized. If constant terms exist, the logarithmic 
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line is curved. By trying different constants, the logarithmic line 
changes in curvature, so that such constants may be found which 
make the logarithmic line straight. 

Logarithmic cross-section paper may be purchased which has both 
coordinates divided in logarithmic scale and also semilogarithmic 
cross-section paper having one ordinate so divided. When evalua- 
tions of equations having constant terms are to be made, these papers 
are very convenient, since the curves may be plotted without looking 
up the logarithms; but since the method described by Steinmetz 

Log days (Log x) 
O 0.2) 04: 06 30.8. 1.0 h2 ba. 46 

30 
- 
> 

5 eee =) 

- $ 
yn 29 inte 
o U 
£ ‘cS 
& I§ = 

Q- 

— 

™, 1) = WW 

L2 
i 40 O 5 10 SpayF° 0) 25 30..+~=—35 

Trig, 8.—Method of developing formula for movement of moisture in flume 48. 

requires logarithms to be tabulated in order to calculate the con- 

stants, common cross-section paper will usually suffice. 
In figure 8 the data representing moisture movement in flume 

43 are plotted. The values of log y and log x are also plotted and 
found to be a straight line, so that log y=log a+n log aw and the 
curve is a parabola. Table 36 gives the data, the logarithms of 
w and y and the calculated log y as obtained from the formula which 
was derived. 
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TABLE 36.—Flume 43. 

i 

Log r Logy | 1.224 | 7 | 
a y lo: 10 (186. |. ¥¢ A days inches. dese) Een | ibe nea (inches) 

| | } 

1 15.70 0 1.196 1.224 16.75 +1.05 
2 18.95 301 1.278 1.280 19.05 +0.10 
3 20.75 477 1.3177 Wee a3t3 20.56 —0.19 
4 22.00 602 1.342 |- 1.336 21.68 —0.32 
5 22.82 699 1.358 1.354 22.59 —0. 23 
6 ALT) 778 1.376=.)— 15369 23.39 —0.36 
7 24. 45 845 1.388 | 1.381 24.04 —0. 41 
9 25.25 . 954 1.402 1.402 25. 24 —0.01 

16 25.75 1.000 1.411 1.410 25.70 —0.05 
11 26. 25 1.041 1.419 1.419 26. 25 0..00 
12 26.75 1.079 1.427 1.425 26.61 —0.14 
13 27.15 1.114 1. 434 1.431 26.98 —0.17 
15 Meo 1.176 1. 443 1.443 27.75 0.00 
il7/ 28.37 1. 230 1. 453 1. 453 28. 37 0.00 
28 31.00 1. 447 1.491 1. 493 31.12 +0.12 
39 | 33.00 1.591 1.519 | 1.520 33.11 +0.11 
48 | 34.00 1.681 1.531 | 1.536 34.36 +0. 36 
HOM leaned.) 1.699 1.541 1.540 34.68 —0.07 

} | | | 

* ye, distance ininches computed by using the formula derived for flume 43. 

The 18 sets of observations are divided into two groups of 9 each. 
The sum of the first 9 log w and log y are found, together with the 
second group of 9. These are indicated as 29 in the computations. 
Since the formula log y= log a + v log x applies to all parts of the 
curve, it is the same for the two groups, subtracting the two groups 
from each other eliminates log @ and dividing the one difference A by 
the other gives the exponent 7, 

log y.— log y, 
—— as 

log #,—log #, 

The sum of all the values of log x, 2,,, is found and multiplied by 
n, and the product subtracted from the sum of all the log 7, log a= 

log y—n log «. The difference, A, is divided by 18 and the quotient 
is the log a. 

The actual computations for the above case are as follows: 

los? a Do) DOO T log y 4, = 12.068 
2, — 12-060. Digi =A S.259, 

A= 6.403 A= 1.191 

yn 1191 — 0.186 
6.403 

1005 1.6 loot, —2).02 | 
LieMOx< 02:86 — 3.295 

nie 22.032 

99,032 18 = 1.224=log a 
Gi 16.05 
y = 6.75% 0.186 

147697 °—20—Bull. 8854 
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TasLe 37.—Flume 31; 
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Yor= 
5 21.39 

log x log gy | = leg (4 9.31 70.4 
at oe lo log a Y2-M | log ys | y2+5.5| S32 | 41.06 d A (days) |(inches) a fess . mat s | +5. 5) ice x Cae | 

5 | —5.5) 

| | | | | 

| | | 
| 1 20.00 0 | 1.301 20:00 | 0 e 

2 28. 45 301 1.454 28. 21 —. 24 ee 
| 3 Bie As) 477 1.528 33.96 S20 9.32 
| 4 37.90 - 602 1.579 37. 24 —.66) 9.8: 

is 41. 20 . 699 1.615 40.71 51 3h 
6 44.60 778 1.649 43.80 —.40 |] 9.6 
Uf 47.00 845 1.672 46.59 —.41 9.6 
8 49.15 - 903 1.692 49.14 - OL % 
9 51.30 . 954 isrAly) 51.:51 -2t 9.5 

10 53.30 1.000 12727 §3.73 43] 9.6 
Tae 55260") “2.041 | 15748 55. 81 21] 9. 
12 57.50 1.079 1.750 GarAS) F200 |) 20. 
13 59.05 1.114 ial 59. 67 262!) 9. . 8. i 
14 60. 03 1.146 Les 61.47 1.44 : : : A 
15 61.40 12276 1.788 63.19 1.79 2 ‘ ; 32 
16 62.35 1.204 1.794 64. 84 2.49 é : 5 5 nO: 
ales 63.25 1. 230 1.801 66. 43 3.18 5.0) A . ‘ OF 
18 64.15 1250 1. 807 67.97 3.82 08 9 5 : pal 
19 65. 20 1.279 1.814 69. 46 4.26 62 : -98 398 65. : 
20 66.15 1.301 1.821 70.89 |- 4.74 .675 10. 24 1.010 1.010 66.15 | 0.C0 
21 67.10 1.322 1.827 72.29 5.19 . 715 10. 69 1.029 1.033 67.00 |—0.10 
22 67.90 1.342 1.832 73.65 §.75 . 760 12a 1.053 1.053 67.85 |—0.05 
24 69.35 1.380 1.841 76. 26 6.91 . 840 12.41 1.094 4.094 69.34 |—0. 01 
25 70.3 1.398 | 1.847 77.51 7.21 | 858 12.71. 1.104 1.114 70.041 |—0.29 
27 71.45 1.431 |. 1.854 79.94 8.49 .929 13.99 1,146 1.148 71.38 |—G. 07 
29 72.60 1.462 | - 1.861 82. 25 9.65 -985 15.15 1.180 1.181 72.58 {|—0.02 
30 73. 02 1.477 | 1.863 33.38 10.36 1.015 15. 86 1.200 1.196 73.18 |+0.16 
32 74.35 1.505). 15871 85. 56 11, 21 1.059 16.71 Ea) 1.226 74.23 |—0.12 
35 75. 80 1.544 | 1.880 88. 68 12.88 1.110 18.38 1.264 | 1.267 75.69 |—0.11 
38 Le 2o 1.580 | 1.888 91. 64 14.39 1.158 19.89 1.299 1.306 76.91 |—0.34 
43 78.90 1.633 | 1.897 96. 29 17.39 1, 240 22. 89 1.3€0 1.363 78.72 |—0.18 
46 79.95 1.663 | 1.903 98. 93 18.98 1.278 24.48 1.389 | 1.394 79.66 |—0.29 
49 80. 60 1.690 | 1.906 101. 45 20.85 1.319 26.35 1.421 1.423} 80.48 |—0.12 
55 $1.90 1.740 | 1.913 106.25 | 24.35 1.387 29.85 1.475 | 1.475 81.90 | 0.03 

* ye, distances in inches computed by using the formula derived for fiume 31. 

in table 37 are given the data obtained from flume 31, the 
logarithms of w and y being tabulated. 
logarithmic curves between log x, log y, and w and y are not straight, 
so that the curve is not a simple parabola or exponential curve. 
curve between log a and log y is straight up to 12 days. 

Figure 9 shows that the 

The 

Thus the 

curve is a simple parabola for values of w less than 12. The 12 sets 
of observations are divided into two groups of six each and the 
formula derived as explained for flume No. 42. 

log a papa es ay | 

A =%.966 

9) at182 9 4p 
2.966 

log 348.680 

8.680 2n— 

log x, Y= 9.126 
Y.=10.308 
A= 1.182 

D,,=19.435 
3472 

A =15.962 

15.962—12=1.330—log a 
log 7,=1.330-L0.46 log x 

Y= 21.39 04 
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The values of y, are calculated from this formula and tabulated in 

Table 37. -——- 

The differences between y, and y are also tabulated as y.. y.= 

¥i—Y.- 

No 8 

Inches ¢ 

~ 

Sy i eee PE LER i 

| 
| 

| 
o l | { ! 
fs) SaaS 10 15 ZO 25 30 35 

Days (xX) 

ig. §——Meikod cf developing formule for movement of moisture in Zume 31. 

e values of y,. log y., log y, z, log x, and y are plotted against 
each other as shown in figure 9 A, but none of these curves is a 
straight line. This suggests the existence of a constant term, and a 
number of constants were tried until it was found that the curve be- 
tween log (7,-5.5) and log x is a straight ine. The curve above 12 => AJZ1 : 5 > 

days or 12x then is log (y,+5.5)—log a+n log z. 2 \J21 y = i 
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The remaining 22 sets of observations were divided into two groups, 
and the abe of ie parabola was derived as follows: 

log a log (y.+5.5) X,,—=10.481 
Seaiat 124 DY, —=14.061 
A = 3374 A = 570 
Cee log (y.+5.5) %,,=24.542 
a 8 30.875 1.06—32.666 

log we De5==30.815 A = 1.876—10 

1.876—10-—22 —9.631— io lee a 

log (y.+5.5) =—9.631—10+1.06 log x 

Yo 0.43 x98 —5.5 

Pipe Y= 
then y=21.39 w°-*— (0.4371-°°—5.5) 

The values calculated from this equation are tabulated and the 
differences from the values of y as obtained in the experiment are 
noted. 

When the curve resulting from the plotting x or y against log x 

or log y is straight, the eenoneniial curve is derived in the same man- 

ner as for a parabola. The data are divided into two groups and the 
value of x and log a@ found. 

log y=log a—nw log ¢ represents the equation for both groups, so 
that log a can be eliminated by subtracting one from the other. 

log y,—log y, 

a log « (log w,—log a,) 
0.4343 in which log ¢= 

log a=log y—nzw log ¢ 

In several cases it was found that for high values of # and y the 
curves were straight lines and the equations for these straight lines 

found. 
Subtracting the values of v, in the equation y,—=ma+b from the y 

values of the data gave values of y,. 
The log y, plotted against # gave straight lines, so that the curve 

for these ae values ae w and y were exponential curves which were 

derived as explained above. 

The formule for the curves representing moisture movement in 
the flumes held at different angles when filled with Riverside heavy 
decomposed granite loam (Placentia loam) were as follows: 

Flume No. 42 7 ha Ae : 
74+.0.12¢— (18.5e-°-2”) 
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Flume No. 32 (15° down) : 
y= 21.440°°°— (0.026x1-°2—11) 

Flume No. 34 (30° down) : 

Flume No. 39 (15° up): 

Y==182300 = 

Flume No. 31 (horizontal) : 
y=21.39%°*— (0.43.71 —5.5) 

Flume No. 45—(vertical up) : 
= NOM 

The following equations were found for other flumes and soils: 
Flume No. 33 (15° down) Riverside heavy decomposed granite 

loam (Placentia loam) Riverside, Calif. 
y5.la+21.— (18.25<-°-**) 

Flume No. 61 (45° up) Dublin clay loam, near Whittier, Calif.: 
y=0.21a+23.7— (15.5e° 9x) 

Flume No. 51 (horizontal) Dublin clay loam, near Whittier, 
Calif. : 

y= 11.23x09-* 
Fjume No. 59 (15° up) Dublin clay loam, near Whittier, Calif.: 

Tab OR Ge 
Flume No. 40 (15° up) Riverside heavy decomposed granite 

loam (Placentia loam) Riverside, Calif.: 
. Y= 20 Dodges 

Flume No. 30 (horizontal) Riverside heavy decomposed granite 
loam (Placentia loam) Riverside, Calif.: 

= 20.8900 
Flume No. 35 (30° down) Riverside heavy decomposed granite 

loam (Placentia loam), Riverside, Calif. (for values of w 
_ greater than 8, curve is straight line) : 

These equations could be used to determine the position of the 
moisture at some time beyond the range of observation of the experi- 

ment if it is assumed that the curve law does not change for higher 
values of «. 

Dr. R. H. Loughridge, in the Report of the College of Agriculture 
of the University of California for the years 1892, 1893, and part of 
1894, pages 91 to 100, gives the observed position of moisture in a 

column of Ventura County tilled soil (silt loam). These observa- 
tions extended for a period of 195 days, which is one of the longest 
periods that has been reported in literature. The formula y=13.9x°*4 
represents the movement of this moisture and there is no change in 
the curve throughout the period of observation. Values of y calcu- 
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lated from this formula agree with sufficient accuracy with the ob- 
served values of y. 

Dr. Loughridge states that the limit of moisture movement was 

reached at the end of 195 days at 50 inches. It is interesting to note 
that the position of the moisture at the end of one year as calculated 
from the formula would be 56.2 inches; at 390 days, twice the time of 
observation, 57 inches; two years at 66.2 inches; and three years, 72.9 
inches, or only 22 inches above what it was at the end of 195 days. 

OPEN VERSUS COVERED FLUMES. 

The results obtained from the covered flumes are very similar to 
those obtained from the flumes open on top to evaporation. With one 
or two exceptions the results with the covered fiumes do not differ 
materially from what could have been foreseen from the results with 
the open flumes. The essential difference is one of degree, as would 
have been expected. One striking exception is the fact that in every 
instance of the 25 or 80 experiments the open flume has the more 
rapid rate of movement of the moisture for the first one to five weeks 
of the experiment, the difference in time depending upon the char- 
acter of the soil. The heavier the soil and the longer the open flume 
maintained the more rapid rate of movement of the moisture. The 
more rapid rate of movement is maintained irrespective of evapora- 
tion. This fact will be more clearly seen from the data submitted 

heiow.. There is, as would be expected, a smali difference in the rela- 
tive percentages of moisture contained in two flumes, and especially 
is this difference noticeable in the upper layers of soil. 
Tnasmuch as the results with the covered flumes differ only in de- 

gree from those of the open flumes, it is not deemed that the sub- 
mission of all the data and its discussion would add materially to the 
yalue of this report. For that reason there will -be discussed only 
one covered fume in its relation to its comparable open flume. The 

two flumes that will be presented 3 in detail are the herizental fiumes 
70 and 71 containing the soil from Upland. This is a gravel and 
sand soil containing but little clay. The selection of Aes particu- 
lar soil for presen einen is merely for convenience, as the results 

se obtained by its use are similar to the results obtained from other soils; 
fionre 3 (p. 23) shows the curves representing the movement of 
moisture os thése two flumes. b 

Table 38 gives the total movement of moisture in these two flumes 
at the end of various periods of time. From this table it will be 

observed that flume 70, which is open to evaporation, has the more 
rapid rate of movement of the moisture up until the fifth day. After 
the fifth day flume 71, or the covered one, has 2 more extended move- 

ment of the moisture and upon the thirtieth day this difference is 
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about 9 per cent in favor of the open flume. The rate of movement 
ot the moisture in the closed flume is more uniform throughout the 
30 days than that in the open flume. The facts just stated would 
appear to be contrary te what might have been forecast, for the 
reason that evaporation from the open flume would deprive that 
flume of some of the water furnished by the wick. In the closed 
flume practically all of the water furnished by the wick would be 
available for the capillary action of the 
soil. These results would indicate first TABLE  38.—Movement of 

moisture at various times, 
that in the closed flume the soil in the in inches. 
flume proper could not use all of the water = —— 
that the wick was capable of furnishing. | Flume. | 
This would indicate a friction factor audaye : | 
caused either from partially confined air Ce ua | 
or otherwise that would not appear to gah type reeh uae 

occur in the open flume. It is found in pipiens tes eins 

the open flume that either from evaporation 10 BL 00 Bis 
or from a more ready circulation of the 20 70.13 3.7) 
‘air the capillary action of the soil within ~* pen gies: 
the flume was stimulated or that the fric- 
tion was reduced. From observations made in connection with other 
experiments it seems to the writer that the fact of more rapid 
rate of movement in the open flume at the beginning of the experi- 
ment is due to both-of these factors. It is known that “trapped” air 

has an effect upon capillary ac- 
Tasre 39. Quantity of water used at tion and that evaporation would 

various times, in liters, and im per- 
centages of total used in 30 days. stimulate the circulation of the 

ji BNEE 

en Te, Table 39 shows that a rela- 
u er | a 2 

ofdays.| 4 tle # tively greater quantity of water 
i fi if ii “% - 

tae was used by the closed fiume dur- 

Liters. Liters. | Per cent. | Per ccnt. ing the forepart of the experi- 
1 6 6 18 21 - ‘ a : 
53 || cole ae eae ea ment than was used by the open 
5 12 12 37 4g Suites Ge Sac 

10 17 17 54 3 | flume. This is a condition which 
15 24 21 64 72 ah he. Oe : 
20 26 2A 79 <3 | would be anticipated, as evapo- 
30 33 29 100 100 ° oe 3 2 

ration deprives the open flume of 
part of the water furnished by 

the wick. The table shows very clearly that the covered flume does 
not tax the wick to its capacity in furnishing water from the tank to 
the flume proper. 

Table 40 gives the quantity of water required to move moisture 
in the flume an average distance of 1 inch for different periods 
of time. This table does not show effects other than would have 

been anticipated. It is observed that there is a greater use of 
water on the thirtieth day in flume 71 than during the fore part 
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of the experiment. This can be accounted for in two ways: First, 
all evaporation could not be eliminated without liability of trapping 
the air within the flume. Second, there is, as has been shown 
previously, an increase in the percentage of moisture contained in 
different portions of the flume with the age of the experiment. 

Table 41 gives the use of water by these flumes in equivalent depth 
over an area equal to the cross section of the flumes. 

TABLE 40.— Water required 
at various times tG ad- TABLE 41.—Water removed 
rance- moisture an aver- from tanks. at various 
age distance of 1 inch. times, in depth, 

Fiume. Fiume. 
Number Number 
of days. | of days. | 

70 | 71 70 a 

ONG (es Inches. | = fnehces, 
1 | 259 281 1 3.66 -- | 3. 66 
5. 288 291 5 7.82>'> | 7.32 

10 311 310 10 10.387 ° | 10°37 
15 398-23 | 2 301 15 12.81. |> - 12/81 
20 371 326 20 15.86 | 14.64 
30 412 333 S0ns | . 2018 = Jr. 207069 

| | 

It is found that fiume 70 used the equivalent of 20.13 inches of 
water in 30 days, while the covered fiume (71) used the equivalent of 
17.69 inches or about 124 per cent less than the open flume. These 
figures show that for the last ten days of tie experiment the open 
flume used 4.27 inches and the closed flume 3.05 inches or a little over, 
25 per cent less water than the open flume. These last figures would 
represent the effect of evaporation. In other words, during the last 
ten days of the experiment evaporation from the flume took care of 
at least 25 per cent of the water furnished by the wick. 

EFFECT OF TEMPERATURE ON SOIL-MOISTURE CONDITIONS. 

As has been stated previously, a temperature at and below the 
freezing point appears to have influenced to a marked extent the dis- 
tribution of moisture within the flumes. Some few soil samples taken 
from the flumes during the winter of 1916-17 gave results contrary 
to what was to be expected. In the sampling of the flumes, two 
samples were taken from each point of sample. The soil from the 

top 5 inches was placed in one bottle and the soil from the bottom 
5 inches in a second bottle and the moisture determined for each 
separately. There are two basic reasons why the percentage of mois- 
ture in the top samples should be less than that in the samples from 
the bottom 5 inches. First, the sample from the upper 5 inches 
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of soil is farther away from the water and gravity would tend to 
hold the moisture in the lower layer. Secondly, evaporation from the 
surface would tend to further reduce the moisture at and near the 
surface. Thus the laws of physics would indicate a lower percentage 
of moisture toward the top of the flume than near the bottom. There 
were, however, several instances where this relationship was inter- 
changed, and more especially was this noticeable during the winter of 
1916-17. When this interchanged relationship in the distribution of 
moisture was observed so frequently during the spring of 1917 as to 

almost. preclude the probability of error from sampling, it seems 
evident that the unlooked-for distribution of moisture was the result 
of some natural condition. It soon became apparent that the top part 
of the flumes showed the greater percentage of moisture during only 
that time of the year when the air temperature was or recently had 
been below 30°. In looking back over the results of the preceding 
winter, this same condition was found. When these facts became 
evident it was so late in the season that there was no opportunity to 
prove the matter beyond a question of doubt. For this reason a few 

of the samples, with percentage of moisture and air temperature, are 
given in Table 42 for what they may be worth. 

TasiE 42.—Soil-moisture distribution and air temperature. 

Percentage of Temperature for 
moisture. week preceding. 

Date. Distance.| Flume. 

Top | Bottom Maxi- Mini- 
5inches, | 5inches. | mum. mum. 

| | 

| | 
Inches. Percent. | Per cent. | 

Mar, 5, 1917... 21 90 31.53 29.32 mse 272, 
BS a Seams erie 27.44 SO SBOE ERE CMe a ager a cae 
(BD a aoe eet 26.33 PAST aS OS 14 NOEs Gey eas |e eT ae 
PA ieee te 23.37 ZOO Gil yeeeieee Eee ae eee 
44 95 29.11 26.83 70° PN fe: 

2808 ee Shee se 27.78 PASTS GY: Hiab SRA Si a ee eas 
| 20M S| SAe oO ceEE 41.13 DA sae NOW Ba bas ak Sealey tm oa aint 9 Ue Se | 

Mar, 16, 1917. 32 92 28.75 30. 44 CE 26° 
| (cfs) a eee areas 26.45 PAipts) + \leesdaoe aya Reach ptetiage 
|e abtloaee Mea tan ces BN ToW ey 25 645s Nid cat | awe 

TAO SAE 24.30. | AVEO) M1 ES Ee Eee te 
GOR 2 See tee U7: S3petl eel 3 Dial (cee eeoaury coh era ey 

Apr. 21, 1917... 32 101 28.31 | 29.90 82° 32° 
| 17) ASSESSES 20.61 | DSU Vaed en aera aa Ohana aie ere ase 

HN SS Ssee oes 25-13" | DO SAT NM SS a GES Sole SIE E e 
| 

At a distance of 82 inches in flume 93 there was taken on March 
20 a set of samples dividing the boring into four samples, each 
containing 24 inches of soil in depth, and the following results ob- 

tained : 
In the top sample, 28.96 per cent. 

In the second sample, 27.56 per cent. 
In the bottom sample, 26.60 per cent. 

In addition to the samples given above there are several others 
showing similar results. There are some samples taken at the same 
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time in the same flume that gave the natural distribution of moisture 
and the interchanged distribution. In these cases there was not 
as great a difference in the relative percentages of moisture at the 
top and bottom as where all samples showed the interchanged re- 
lation. . 

In the samples given above, it is noticed that this interchanged 
relation of the distribution cf the moisture occurs in both the open 
and covered flumes. This same fact is true of all of the other work, 

except that the covered flumes seem to require a little lower tem- 
perature of the air to cause this result than do the open fiumes. It 
will be noticed in Table 42 that with a relatively low percentage 
of moisture an interchange of the natura] distribution of the mois- 
ture did not occur. It is probable that if such a distribution should 
occur, a temperature lower than 26° I’. would be required. As shown 
in this table, for flume 101, with the minimum temperature of 32°, 
the upper part of the soil still contained a little less moisture than 
the bottom part of the soil. By comparing results shown for flume 
101 with other samples taken with higher minimum temperatures, 

it is evident that a slight difference occurred in the normal distribu- 
tion of the moisture in the samples. 

Before a definite conclusion can be drawn, additional experiments 
will have to be made. 

THER CAPILLARY SIPHON. 

The definitions of capillarity and of capillary moisture used in 
so many of the old textbooks would lead one to conciude that free 
vater would not be developed as a result of-capillarity. For in- 

stance, the old illustration of the towel and the basin of water was. 
used to combat the idea of free water as a result of capillarity. No 
reference to the probable fallacy of the old doctrine has been stated, 
Tn fact, all reference to the relation of gravity and capillary action, 
except as contained in the old originai definition, has been in the 
most general terms. The prevalent method of disposing of the ques- 
tion is to say that capillary action is influenced by gravity. (1) 
There appears to be no statement as to any quantitative relation. 

One of the very first sets of experiments tried at Riverside in the 
fall of 1915 included flumes inclined at angles of 15° and 30°, and one 
at 45°, ‘The first of these had an ultimate total length of 20 feet 
and the last two had lengths of 10 feet each. The moisture in the 
flume inclined downward at 45° had reached the end of the flume 
in 18 days, and in the one inclined downward at 30°, the moisture 
had reached the end of the flume in 21 days. Three or four days 
after the moisture had reached the end of these flumes, free water 
was observed dripping from the ends of both, In about a week 
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after the moisture had reached the lower end of the flume inclined 
downward at an angle of 15° free water commenced dripping from 
the lower end. The water continued to drip from the ends of all 
three of these flumes for at least two weeks, or until the flumes were 
dismantled. It must be kept in mind that this water was raised 

from the tank a vertical distance of 4 inches by ecapillarity and 
against gravity. It was then transmitted down the flumes by means 
of the same force and in a direction with gravity. The moisture 
left the soil column at the lower end of the flume as free water, drop- 
ping to the ground. At no point in the entire length of the soil 
column, with the possible exception of the extreme lower end of the 
flume, was the percentage of moisture in the soil as great as that of 
capillary saturation, as measured by the 
general methods for determining this 
percentage. This, then, is in effect 
transferring water from a body of free 
water by capillarity and delivering it 
again as. free water. 
To supplement the results from the 

flumes and to test the further possibility 
of creating a capillary siphon, a special 
piece of apparatus shown in figure 10 
was set up. 

A-B in figure 10 is a galvanized-iron 
tube 7 by 7 inches in area and made in 
the shape shown. This box is water- 
tight and air-tight, except along the top 
A-&, at the bottom of the short arm at 
C’, and at a point P at the bottom of the 
long arm. ‘This tube stands vertical 
and rests on A. The top along the line 
A—G is open to the air. The lower end 
of the short arm at C has soldered over it - 
a fine-meshed wire gauze. PD is a 3-inch ell soldered into the lower 
end of the long arm; the top of the ell is fitted with a water- gauge 
connection. Into the top of this ell is fitted a gauge glass Y—D,on at 
outside of the tank or tube. The tube is packed with soil as indicated 
and the soil is exposed to the air along the line Y—B. The short 
arm of the tube extends down into a tank of water represented by 
water line in tank. 

Tt is observed from figure 10 that the high-water line in the 
tank is 8 inches below the bottom of the horizontal part of the tube. 
This 8 inches is then the distance the water must be raised from the 
tank before it can move herizontally. It must then move hori- 

Fie. 10.—The soil column as a 

capillary siphon. 

See 
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zontally an average distance of 12 inches before it can move 
downward. 

The detailed measurements will not be given, but after 60 days the 
water in the gauge glass on the outside of the flume showed water 
up to a point within 11 inches of the surface of the water in the tank; 
that is, after 60 days that part of the tube below the point desig= 
nated “Gage E” in gauge glass was completely saturated. After 
the sixtieth day, the rate at which the water rose in the gauge 
glass was very slow, and upon the ‘seventieth the experiment was 
terminated. 

This experiment, as did the previous ones cited, gave free water 
as a result of capillary action. 

Three additional experiments were run with the same tube, but 
containing soils of a different type. In each case the same result was 
obtained, except that they were terminated sooner and for that reason 
the water did not rise so high in the glass. 

Finally, it may be stated that in every flume, covered and open, 
that was inclined downward at an angle from 15° to 45° free water 

was developed when the experiment was run for a sufficient time. 
In only 3 or 4 instances out of the 20 or more flumes so inclined 
were the experiments terminated before free water was dripping 

from the lower ends of the flumes. 
Several tests were made of the amount of water taken up from 

the tanks and delivered again at the lower end of the flumes as free 

water:. One of these tests will be given. 

The flume selected is No. 95, containing the lava soil from Idaho. 
This flume was covered, inclined downward from the horizontal at 

an angle of 30°, and was 15 feet in length. The records show that 
the flume commenced dripping water at the lower end on February 
25, 1917. Commencing with March 1, the quantity of water lost 
from the tank by the wick was 18 liters. During this same period 
there was caught at the lower end of the flume 8.78 liters, or approxi- 
mately 50 per cent of the quantity taken from the tank. The water 
was caught in a can as it dripped from the flume. 

it has been suggested that a true siphon might have been formed 
as a result of “soil puddling” or other natural mechanical means. 
Tt did not occur in many cases and it is doubtful if it occurred at all. 
It is found, for instance, that with the use of clean, coarse build- 
ing sand, devoid of clay or other fine material, the same result is 
obtained. However, to test this point further, a system of ventila- 

tion within the wick was installed. 
Ventilating pads were made out of ordinary window-screen wire. 

From six to eight thicknesses of wire were rolled into a very small 
diameter and then flattened out. This made a pad of wire about 
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24. inches in width and about three-eighths of an inch in thickness. 
The wire, when placed within the soil, kept the soil particles apart 
throughout most of the spaces occupied by the pad. Four of these 
wire pads were inserted vertically within the wick, extending from 
within about one-half inch of the water in the tank up through the 
wick of the flume to the air above. These pads were placed in the 
corners of the wick and about 1 inch from any side. The flume and 
wick were then packed with soil and the experiments started. With 
the flume inclined downward at an angle of 30°, and with the light 
sandy Idaho soil, water dripped from the end of the flumes in about 
four days and continued to drip until the experiment was discon- 
tinued. This experiment was repeated, and in addition to the verti- 
cal ventilating pads, two other pads were placed, one diagonally 
across the wick and one in a horizontal position. The ends of these 
pads butted against the vertical pads and were placed about 1 
inch above the surface of the water of the tank. 

This flume gave the same results as the other flume, but a little less 
water. was taken from the tank in the case of the ventilated wicks 
than in the wicks not ventilated. However, free water dripped from 

the lower end of all of these flumes. In the wick having the vertical 
and horizontal pad ventilators (so called) there was no unventilated 
space within the wick at a greater distance than 14 inches from a 

’ ventilator. 

In several of the flumes inclined downward, various other means of 
ventilating the wick were tried and in each case free water was still 
given off at the lower end of the flume. 
A flume inclined downward at an angle of 15° and 20 feet long was 

filled with clear Santa Ana River sand. This sand contained practi- 
cally no fine material and only traces of crganic matter. Yet this 
flume, like the others described above, gave free water at the lower 

end of the flume, and within a week from the time the experiment 
was started. 

It would seem, therefore, from the evidence of the ventilated wicks 
and flumes filled with types of soil from very coarse sand to fine 
clay and all giving off free water, that the capillary siphon, as above 
styled, is perfectly established. 

Tt would also seem that capillary siphons occurring in nature might 
not be uncommon and that such siphons, first by capillarity alone, 
and later assisted by gravity, might cause the swamping of lands. 
Such a condition might arise if there were a stratum of soil of rather 
high capillary power and a rather impervious subsoil; if the upper 
end of such a soil arrangement were in contact with a body of water 
and the water did not have te be lifted too far by ecapillarity, and 
from that point the soil and subsoil had a slope downward at an angle 



62 BULLETIN 835, U. S. DEPARTMENT OF AGRICULTURE. 

at least as great as 15°, then it would have the conditicn of the 
flumes above described. If, now, there were a sudden change in the 

slope of the ground toward the horizontal, or if the more loamy soil 
verged into a denser soil, free water might be developed at this point 
as the result of capillary action. 

The capillary siphon might develop, also, in an earthen reservoir 
dam with a puddle or concrete core wall extending only to the flow 
line or slightly above it, and wnder certain conditions produce satura- 

tion in the lower side of the dam. 
That a capillary siphon as above described is in accord with 

physical laws and was not the result of mechanical defects of error 
in manipulation is readily proven. Briggs (13) and Widtsoe and 
MeLaughlin (19) have shown that the quantity of water retained by 
a soil column against gravity depends upon its length. Also that 
2 column 1 foot in length will hold at all points a greater percentage 
of water than a column 2 feet in length. Hence, as the length of the 
inclined flume is greater, the percentage of moisture held egainst 
gravity will be smaller. It would follow, therefore, that beyond a 
Sos length of the meclined part of the flume, not all of the water 

irnished © the wick could be retained against gravity by the in- 

ed part ofthe flume. 
tt has. been shown in this report that the distribution of moisture 
in vertical soil columns does not decrease uniformly with height 
above water. It has been indicated also that the greatest percentage 
ef moisture in the vertical column may not be at the immediate water 
surface. From moisture analyses made of samples from vertical 
fiumes, noted in this report, and from a great many other special 
cxperiments, the writer will say that the greatest percentage of mois- 

ture in a vertical soil column with its lower end in water may be 
and frequently is at an appreciable distance above the water. From 

these data and as the result of tests by the writer and others, it can 
be said that a vertical soil column can take up by capillarity from a 
bedy of fres water more water than it can hold against gravity, if 
the free water be removed from the bottom of the soil column: that 

is, if the vertical tube is filled with soil and the lewer end placed i ia 
a vessel of water and allowed to stand for a month or longer and the 
water is then removed from the tank, a part of the moisture m the 
soli column will drain out. To repeat—a vertical soil column will 
take up by capillarity from a body of water more moisture than it 
can retain when the source of the water is removed. In view of the 

° 
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CAPILLARY MOVEMENT OF MOISTURE FROM A WET TO A DRY 
SOIL. 

As has been stated previously, the movement of moisture by capil- 
larity is much slower and not so extensive in the absence of free 
water as itis in the presence of free water. When a wet soil and a 
dry soil are in contact, gravity exerts an appreciable influence in the 

ae movement of moisture. 
The experimental werk so far done at Riverside does not war- 

rant more than a few general statements. To give some idea of the 

nature of this work a foe experimental results will be given. 

THE VERTICAL BOXES. 

The soil boxes were placed in vertical and horizontal positions only. 
In the vertical boxes the wet soil was placed in some cases on top, 
in others at. the bottom, and in others the wet soil was placed in the 
middle section and io SS at both ends. 
Nearly all boxes were 6 feet in length and the wet soil occupie ed 

one half this length and the dry soil ine other half. 

MOVEMENT OF MOISTURE UPWARD. 

‘Tn table 43 are given data of a few of the boxes in which the soil 
moistened to the percentages shown were placed at the lower ends of 

TaBre 43.—Vovement of moisture upward in the boxes. 

| | 

| Riverside soil, Idaho lava soil, Whittier soil, 
initial percentage. initial percentage. iritial percentage. 

Days. 

| 20.per 10 per 14 per 29 per 25 per 40 per 39 per 
cent. cent. cent. cent. eent. cent. cent, 

= | | | 

Inches. Inches. | Inches. Inches. Tnaches. | Inches. Inches. 
1 Merl Apia eas Sees Te Ne bate Feit 0 |b aa HP ee ea He em sae 
2 aS Near oe ee ar nate ee are a POOP he eee ae epeneadae 
3 5.00 1.25 BESS | eS eee | es ene ee 
4 Ceol GH LOA T Ls ote 7 S| re Ee ed ie ae ee kel ee ie 
5 GES, 0 | Rea 2 ee MOS eg at ay DU SE Fs AO UC NS 
G ASSO" || Care bec DE SRRy lad | Aree Rees erps kos ie bebe ee Ay 
7 4,82 PAN.) 0 WES oa ae (a | a Sp ao eee eee eel nee 
8 ESP G JM eee a Ae ee ee Ee ee [ig Satya Salis oe ie 
Ope easy soi7.- (nt men male mtn et: 3.25 BNO cali eae Stee anna 
a ee ae Wael TOROS RN SCO? o/2R ELS Bares Perea anew Cees ea 
LG ie ee ee WS OES es PASE SOMERS Pee Ss ee eT oe | er le ARG 
14 (GANG Sls GS ae eg oe he eg 2 is SEE Gi504 || Pir) See elke ponent 
TiS NT SE ar Ieee Re ae PE a ele CRON: 1) ee sie ain Fee SS ie 2 ee 
23 8.37 £.37 Ba2or) Paasse= A CfePes tt ree oe eas eee eee 
PAG) | een EER Sa EM a | ACS ee (ed TON, | 1.60 
37 Ora te ae 3.50 Soe eens ane) eerie eee I) BTS 
ZO) ass he ar pam ae 1OESO® [econ wee Missa eae 
AGI epea eet ra Beran PaaS ote phe. Eye al 11.00 be --| Sheve E 
56 TRAST ON RSs as Bl a ee | eee a a a 
LMR EEE fe 4 bat! GR i NAR Bs se cia ea ba idle ute rg ge ee ap he Ss 
BG al a mice Sec ee eR Mose a | REA ab at 25s Wee onto Wegereaess 

the boxes and air-dried soils at the upper ends. The table shows 
that the box containing the Riverside soil, with the lower half 20 per 
cent of moisture, the movement of the moisture up into the dry soil 
was about one-fourth as great in 4 days as it was in 56 days. In the 
box of Riverside soil, containing 10 per cent moisture in the wet 
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pack, the movement of moisture into the dry soil the first 3 days was 
about one-fifth as great as in 71 days. 

The other data in the table show the relatively rapid rate of mois- 
ture movement the first few days and the slowing down of the rate 
of movement with the lapse of time. 

These results in connection with previous data for the flumes in- 
dicate that the larger part of capillary distribution of the water 
occurs while water is being applied and in the next two or three days 
thereafter. 

The last two columns of the table, which give data for the heavy 
Whittier soil, show the very slow and limited capillary movement of 
moisture in this class of soils. 

In the three boxes containing the Idaho lava-ash soil with rela- 
tively great capillary power, the movement of moisture up into the 
dry soil did not extend very far. In the box the wet pack of which 
contained 25 per cent of moisture the upward movement in 86 days 
was only 14.25 inches. The field capacity of this soil is from 20 to 
25 per cent or a little less than the percentage of moisture in the box 

just considered. 
In the box the wet pack of which contained 14 per cent of moisture 

the movement of the moisture upward was only 34 inches in 37 days. 
If the data in Table 48 were plotted as were the data for the 

flumes the resulting line would have a parabolic form. 

MOVEMENT OF MOISTURE DOWNWARD. 

Table 44 is arranged to show the distance the moisture moved 
downward in the boxes after various periods of time, the moist soils 
being placed above the air-dried soils. The table shows about the 
same conditions as did the previous table, except that the rate and 
extent of movement of the moisture downward are considerably 
ereater than with the wet soils below the dry. The rate of move- 
ment downward is in proportion to the initial percentage of moisture 
contained in the wet soil. 

In the Riverside soil containing 15 per cent of moisture, or about 
the field capacity, the extent of movement of the moisture at the end 
of the fourth day is approximately one-half the distance moved in 
386 days. In the Idaho soil containing 20 per cent of moisture in the 
wet pack the moisture had moved in 36 days only about two and one- 
half times as far as it had at the end of 4 days. In the heavy 
Whittier soil the movement of the moisture even with a moisture con- 
tent in the wet pack equal to or greater than the field capacity is 
very slow and does not move to any great distance in 30 days. The 
data of this table, if plotted, as were the other data, would give a 
curve resembling a parabola. 
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TABLE 44.—Movement of moisture downward from wet soil. 

Riverside soil, Idaho lava soil, | _ Whittier soil, 
initial percentage. initial percentage. | initial percentage. 

Days. 

20 per 15 per 14 per 20 per 25 per | 41 per 30 per 
cent. cent. cent. cent. cent.) ‘cent. cent. 

Inches. Inches, Inches. Inches. Inches. | Inches. Inches. 
1 4.50 2s .00 | 

COMPARISON OF CAPILLARY MOVEMENT OF MOISTURE UPWARD AND DOWNWARD FROM 

A BODY OF WET SOIL. : 

A series of experiments were outlined to determine the relative 
extent and rate of movement of moisture upward and downward 
from a body of soil containing a known percentage of moisture. In 
this experiment a section in the middle of the box was filled with 
wet soil and air-dried soil was packed at both ends. The box was 
then placed vertically. In this experiment the capillary movement 
occurred with gravity downward and in opposition te gravity. There 
was a secondary factor which must be considered, and that is the 
gradual concentration of moisture in a wet soil at the lower end of a 
vertical column due to gravity. That is, while the middle part of the 
flume was filled with a soil containing a uniform percentage of 
moisture it would be found after a few days, depending upon the de- 
gree of wetness of the soil, that there was a greater percentage of 
moisture near the bottom than near the top of the wet soil column. 
The more nearly the soil was wetted to the point of capillary satura- 
tion the greater would be the difference in percentage of moisture 
near the bottom and near the top. 

Table 45 shows the upward and downward movement of moisture 
in two of the boxes. 
The box containing the Idaho soil was 8 feet long and the middle 

32 inches was packed with wet soil. There was an equal length of air- 

dry soil at each end. 
The box containing the Riverside soil was 8 feet long and the mid- 

dle 4 feet was packed with wet soil. 
147697 °—20—Bull. 88355 
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Tasie 45.—Movement of moisture upward and downward, from soils contain- 
ing an initial moisture content of 15 per cent. 

Idaho soil, Riverside soil. 

Time : = 
in Distance moved. Distance moved. 

days. : Relation napwed Relation 
‘ ofup of up 

Up. Wurot to down. Up. Gea to down. 

Inches. Inches. | Per cent.| Inches. Inches. |. Per-cent. 
2 WE DO.| cca etapa ee ae 2.25 3. 50 64 
4 1..50 2.25 Gls craa nc ee, cena eee ieee ee 
3 | eee eee le Sascha teal en eee 2.62 L225, 36 
6 2.20 3.20 ei 2. 88 We tO ai 

14 016! [pace eee ee Bement ee F-4 pombyry ae Bypr 4a] 10..00 37 
13 | 3.00 4.50 Gin Lecesen lee. Sele Gee meee 
Dfeg| Seeeoeteeealatecc | tcrcnmiemse aoe [mae waco eters 5.75 138.00 44 
23 4,12 5.50 (59 Pee a pone EM Ere Oe Ace hoo ent 
31 4.50 6. 75 L017 (| Ee eens Ree eee Se ae Be 
36 4.80 7.00 68 6.50 18. 25 35 
AG) acmisin/aterarsians lesa cicwiare ete lb amisria seats 6.75 19.00 36 
52 Daal 8.37 G4 eo oe SEAL oe oe eee hee 
71 6.00 9.12 668) ces eae aaeene Soe cee 
76 | 6.220; 9, 24 OL leccctors ate, o'aresa lies elasaj arene rewiemlem toe 

Table 45 shows by percentage the relation of the upward 
movement of the moisture to the downward movement. After the 

first day or two the relation of the upward movement to the down- 
ward movement remains rather constant. The table shows the rela- 
tive rapid rate of movement of moisture the first few days and the 
slower rate with the lapse of time. If the data in Tables 41 and 42 
showing the upward and downward movement of moisture in sepa- 

rate flumes are compared, the same relative relation is found as 
found in Table 45. 

The above data indicate the part gravity plays in soil-moisture dis- 
tribution. Generally speaking, the lighter the soil the less is the up- 
ward movement of the moisture as compared with the downward 
movement. ft also appears that the greater the percentage of mois- 
ture the greater the downward movement as compared with the ‘up- 

ward. 
The limited data above presented, when considered with many 

others in the original records, would lead to the conclusion that 
under irrigation much moisture may be carried below the root zone 
of plants, and that moisture once carried below the root zone of 
plants will probably not be again brought within the root zone in 
sufficient quantity to be of material benefit to the crop of that season, 
and hence will be lost to the plant. . 

THE MOVEMENT CF MOISTURE FROM WET TO DRY SOIL IN HORIZONTAL BOXES. 

The capillary movement of soil moisture in a horizontal direction 
as found in the horizontal boxes is greater in extent than the upward 
movement in the vertical boxes, but not so great-as the downward 
movement. There are given in Table 46 the results of three tests 
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with the Riverside soil, with 10, 15, and 20 per cent moisture in the 
wet soil. The table shows, like the preceding ones, that the rate and 
extent of movement of the moisture varies as the initial percentage 
of moisture in the wet pack. There pare 
: an ak th ae ae TaBLeE 46.—Horizonial movement 
is also shown the rapid moisture “oF soit moisture in Riverside 
movement for the first few days and soil. 
a slowing down of this rate with 
lapse of time. These data if plotted | ,,_, ag er 

J 2 ny, ; 2 in would also give a, curve of a DAMS nee EU) codadrel vas See ab (ooek 
bolic form. It is surprising to find cent. cent. cent. 
souenean an, extend of movement. | - — ol) 6: 64 actin 

: : ° : Inches. Inches. Inches. 
of moisture in a horizontal direc- 1 0.75 4.00 5.75 

° : 2 1.25 5. 50 7. 00 
tion when compared with the down- 3 1,50 6.25 8.25 

O Leal BRE eo |r eee ec | 9. 25 
ward movements as shown in Table 5 i338 7550 9. 75 

g Oban eR Sei IR. = SE aS Seog soe sae een | 10.75 
-49. Wf the difference in movement ae eS 

of moisture in the several boxes a 

as representing the upward, down- a 
ward, and horizontal can be attrib- Se 
uted only to gravity, and this ap- aA LN beso | 

rs to be tr th rravity j ria) Ra eae es |ee 10800) |e=e ores pears to be true, then gravity is a Pee las acces t 110 Vals agace 
most important factor in the capil- Peep oeoeee or: E22) | omcecoson 
lary distribution of soil moisture. 
While the experiments above noted are not sufficient in number 

to warrant any final conclusion, in connection with many others 
not contained in this report they indicate the probably distribution 
of moisture. 

These data are in accord with results obtained by others (7), (9). 

(10), (48). | 
DISTRIBUTION OF MOISTURE IN BOXES CONTAINING WET AND DRY SOIL. 

It is interesting te observe the distribution of the moisture through- 
out the entire length of the soil in the boxes at the termination of the 
experiments. It is interesting to observe the movement of moisture 
in quantity from the wet soil into the air-dried soil, and in the verti- 
cal boxes to note the relative percentages of moisture moved upward 
and downward. Table 47 gives the distribution of moisture at the 
end of the experiment in the soil boxes just previously discussed. 

In Table 47 are given the kind ef soil and the initial percentage 
of moisture contained in the wet soil as placed in the boxes at the be- 

‘ ginning of the experiment. ‘he percentages of moisture and the 
distances inclosed between the heavy lines in the body of the table 
show the original wet area of soil in the boxes and the remaining 
figures outside of the heavy lines show that part of the original air- 
dried soil with the corresponding percentages of moisture found at 
the end of the experiment. For instance, in the first two columns the 
first two lines indicated by minus 5 inches and minus 2 inches repre- 
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sent that part of the soil column immediately below the original wet 
soil area. Likewise the distances 34 inches and 40 inches at the bot- 
tom of the table represent that part of the original air-dried soil on 
top of the original wet soil. The other part of the table has a similar 

arrangement, except that the distances were taken from the bottom of 
the boxes. Referring to the Riverside soil it is found that the distri- 
bution of moisture from the bottom of the box upward is quite uni- 
form until near the upper extremity of the original wet area. Ata 
distance of 47 inches 9.19 per cent of moisture is found, while at 50 
inches there is 6.6 per cent of moisture. In corresponding distances 
at the bottom of the box, represented by 22 inches and 18 inches, re- 
spectively, a much less variation in the percentage of moisture is 
found. 

TABLE 47.—Distribution of moisture by percentage in the soil boxes, 

Idaho soil, initial Riverside soil, initial moisture 
moisture 20 per cent. 15 per cent, 

M | M : | Moisture | y; 4.7, oisture |; oisture 
Distance. content. Distance. | content. Distance. portent: 

| 

Inches. | Per cent.| Inches. |Per cent.| Inches. | Per cent. 
—5 9. 46 3 5. 65 5 4.74 
—2 11.31 6 7.08 8 6. 90 

a |e ar Oo 9 8.25 11 8.05 
6 14. 46 12 8. 61 15 8. 81 

12 15. 05 15 9. 09 19 9. 04 
18 16. 00 18 9. 42 22 8.75 

24 15. 44 22 10. 79 24.5 11. 40 
28 15. 51 25 10. 20 27 12.37 
31 15. 40 26 10. 34 39 11.28 

aa ad lee a | Bul 10. 60 34 11.50 
71) Vie Dae Roe 34 10. 06 38 11.05 

i, Ser sane (Ine rn age 37 9. 86 42 11.13 
Ake Sa ee es A 40 9.38 46 10. 45 
DES Pe eee ane n 44 9.50 50 10. 40 
pee nw | eaten, 47 9.19 54 | 9.33 

Meese Ei Wee ee 50 6. 60 58 9. 48 
o2 .eaee ae | 58 2.90 62 | G. 43 
ie eee eee | ey a eee 66 | 8.92 
iMacs Ste [egminee: <| ies 8 ee) wean A 70 8. 28 
eer eee Joeeeeccees corre tee es|eeeeeeeeee 74 | 4.99 
ee =i ad ecscragil aac ue 3. 28 

it would seem from Table 47 that gravity has played its part in 
conjunction with capillarity in a rather uniform distribution of soil 
moisture from the wet soil area to the dry soil area. Upon the other 
hand it is found in taking the moisture percentages that gravity has 
very materially retarded the upward movement of the soil moisture. 
it is found, for instance, that the percentage of moisture found im- 
mediately below the original wet soil area is almost double the per- 
centage of moisture found immediately above the upper end of the 
original wet soil area. 

Tf such a condition as this maintains in the field, and there is no 

reason to believe it does not, then we can expect that capillarity and 
gravity will tend to a deep penetration of the moisture. The figures 
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in ‘Table 47 and those immediately preceding show conciusively that 
eapillarity and gravity tend to move the soil moisture downward to 
considerable depths and in about twice the quantity that the moisture 
moves upward. Add to this factor copious irrigation and it is read- 
ily seen how even capillarity can assist and does assist in the waste 
of irrigation water by deep penetration. 

In none of the data presented just above has the original wet soil 
contained a percentage of moisture differing much from that which 
would be found in the field immediately following an irrigation. 

Sufficient tests have not been made to warrant a final conclusion as 
to the ultimate importance of the deep penetration of moisture, by 
eapillarity, in conjunction with gravity. 
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EXPERIMENTS WITH BROOM CORN. 

The experiments‘ with broom corn at the Woodward Field Sta- 
tion were started in 1914. The results of five years of work are now 
available. While this may be too short a period from which to draw 
final conclusions, it is thought that the results thus far obtained are 
worthy of publication. Much interest is shown in the crop at this 
time and a large number of inquiries are being received for informa- 
tion with regard to varietal adaptation, the best time to sow, and the 
rate of seeding which will give best results in both yield and quality 
of brush. The results obtained at Woodward and reported herein 

* These experiments were conducted in cooperation with the Office of Dry-Land Agri- 
culture of the Bureau of Plant Industry. Mr. E. F. Chilcott, of that office, is superin- 
tendent of the station. Credit is hereby given him for his hearty cooperation and assist- 
ance in conducting these experiments. The senior writer was in charge of this work at 
the station during the seasons of 1914 and 1915. The junior writer was appointed 
assistant agriculturist on October 5, 1915, and conducted the experiments at the station 

in the seasons of 1916, 1917, and 1918. 

147841°—20—Bull. 886 ——_1 
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are applicable to a greater or less extent to a large part of the south- 
ern Great Plains area. 

This bulletin contains (1) a description of the district to which 
the results apply, (2) a description of the Woodward Field Station 
und the scope and methods. of the experiments there conducted, and 
(3) the results obtained. 

DESCRIPTION OF THE DISTRICT. 

The section here described includes the plains of Oklahoma and 

Kansas, a large portion of Texas, and a small portion of southeast- 
ern Colorado and of eastern New Mexico. An outline map of this 
district is shown in figure 1. It includes the main districts producing 

the Dwarf broom- 
corn crop and a few 
localities where the 
Standard variety is 
grown. It contains 
at present approxi- 
mately 300,000 acres 
of broom corn, or 
about 87 per cent of 
the entire acreage 
grown inthiscountry. 

TOPOGRAPHY. 

The section just 
outlined hes between 

the ninety-eighth 
meridian on the east 

and the one hundred 

and fourth on the 
Frc. 1.—Outline map of the southérn Great Plains region, west. It extends 

showing the principal district producing the Dwarf 

broom-corn crop. 
north to the northern 
boundary of Kansas 

and south to the thirtieth parallel in Texas. In general, it consists of 
broad rolling plains interrupted for the most part chiefly by the shal- 
low valleys of the larger rivers. The altitude ranges from approxi- 
mately 1,000 feet to 4,500 feet above sea level. The average annual 
rainfall varies considerably in different parts of the district, ranging 
from about 15 inches in some parts to 30 or more inches in others. 

SOIL. 

The soils of the area are naturally variable. Those of the 
eastern part have been exposed to greater precipitation and have 
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been eroded more than the soils of the western part. The soil 
types found in this extensive area vary from sand to clay, with the 
loams predominating in the southern and central parts of the area 
and silt loam in the northern. All are friable and easy to cultivate 
as compared with similar types under more humid conditions. They 

are uniformly sweet or nonacid, and under natural conditions contain 
from 3 to 6 per cent of organic matter. In general, low yields are 
due to some climatic factor or factors rather than to a lack of 
soil fertility. 

CLIMATIC CONDITIONS. 

The weather data considered herein were recorded at Wood- 
- ward, Okla., during the period from 1908 to 1918, inclusive. 
Woodward is located centrally in the district described. 

The principal climatic features which influence crop production 
in this section are (1) a limited annual precipitation of irregular 
seasonal distribution and a great loss of water due to run-off during 
torrential summer storms, which are quite common in some locali- 

ties; (2) a relatively low atmospheric humidity; (3) a very high 
rate of evaporation during the summer months; (4) a wide daily 
range of temperature, or hot days followed by cool nights; and 
(5) a high average wind velocity. 

Precipitation. 

Precipitation and its distribution are important factors in crop 
production in the section under discussion. There is usually rain- 
fall enough to grow the crop, but the distribution is not always 
such as to permit the best use by the crop of the moisture which 
falls. In such cases the crop yields are very low, and in extreme 
cases total failure results. 

MONTHLY AND ANNUAL PRECIPITATION, 

Table I shows the monthly, annual, and mean annual precipitation, 
in inches, at Woodward, Okla., during the 11-year period from 1908 
to 1918, inclusive. The mean annual precipitation at Woodward for 
this 11-year period was 24 inches, of which amount 16.5 inches fell 
during the growing season, or from April to September, inclusive. 

Table I shows a wide fluctuation in both the monthly and the 
annual precipitation. In April, 1909, the rainfall was 0.45 inch, and 
for the same month in 1915 it was 7.08 inches, or a difference of 
more than 6 inches between these extremes. May, June, July, 
August, and September each have about the same range of fluctua- 
tion as April. In the annual precipitation the extreme range is from 
14 inches in 1910 to 89 inches in 1915, almost three times as great. 
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TABLE I.—WMonthly and annual precipitation at Woodward, Okla., 
11-year period from 1908 to 1918, inclusive. 

during the 

[Data (in inches) furnished by the observer of the United States Weather Bureau at Woodward.] 

Year. | Jan. | Feb. | Mar. | | Apr. May. pe July. | Aug. | Sept.} Oct. | Nov.| Dec. | Ea Mean. 

| | | | 
1908. 0.25 | 1,25:| 1..10:) 1.70: | 3525 | 3.762) 5.87 |-1.82 | 4,30 | 2.75 | 1.47 | 0 ln2isO2elecemone 
aA)! alee 05°} <287=266"). 455) 045783725455) tsb 29 | 4.88 | 2.95 | 9.54 -15 | 28.02 | 27.77 
19102 -255 5% 46 | .22) 0 L972 sbo [Pet 1362 | 72655|70 .38 | 0 -O1 | 14.01 | 23.18 
6) ee 0 |} 8.09 | 0 -10 | 4.13 | 0 3.54 | 5.29 | .41 2O2a| toe 2.90 | 25.80 | 23.84 
1) DS Sere 03 | 2.58 | 2.37 | 1.63 | 1.15 } 3.02 | 3.25 | 2.90 | 3.44 -60 | .035 } -207-| 21:00:)- 23:27 
OTS eens .40 | 2.44 .d4 | 1.11 | 2.08 | 5.31 | .99 | 1.87] 4.89 | 1.05 | 3.50 | 2.73 | 26.91 23.88 
1OTASS See oe <2 18; .51 -34 | 2.44 | 3.53 | .60] .92/| 2.92]. .82| 1.99 05 | ~.77 | 15:08°|- 22.62 
OTD ee aeaeaie 1.17 | 3.44 | 1.45 | 7.08 | 6.47 | 2.87 | 3.46 | 3.90 | 6.27 | 2.52 | .55) .02 | 39.21 24. 69 
AQIG 2S oo sae 1.29} .03] .92} 2,01 | 1.74 | 1.64] 0 1.15 | 2.22.) 1.87-|--295 .38 | 24.20 | 24.64 
ah ee 43 22 | .34/-1.93 | 1.39 | 1.89 | 1.33 | 7.00 | 1.90) 0 sill teh 8: |e 1s585|seoasoh 
DOIR See e eee 1.60 22 | 1.85 | 2.51 | 4.49} 2.11 | 1.79 | .70 | 1.26 | 3.54 | 1.73 | 3.58 | 25.38 | 24.04 

Average... ; 538 | 1.75 | .87 | 2.08 | 3.05 | 3.17 | 2.21 | 3.23 | 2.76 | 1.67 | 1.74] .98 | 24.04 is 

DISTRIBUTION OF MONTHLY RAINFALL. 

The total annual and seasonal precipitation, which is shown 

graphically in figure 2, may easily be misleading. This is due to 

VOSS apa iia. 
NY Q ar: 

WCHL Ff 

wie Ba , oe 

SAS NLL
, 

MEAL ee
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sen LLL LLL oe 
AKO 

MMV EAA 

RASH VILLLLLLLo 

MV OIL 

SLPSCOWHL “men till ee 
ee nee 

HOY L407 

SRO GOV LIGY WEY 
Fic, 2.—Diagram showing the annual and seasonal precipitation (April to September) 

and the average precipitation (in inches) at Woodward, Okla., 

from 1914 to 1918, -inclusive. 

in the 5-year period 

the irregular distribution of summer rainfall, to the varying quanti- 

ties deposited by different showers, and to the manner in which it 
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falls. The nature and distribution of the rainfall will be better un- 

‘derstood by a careful study of the data in Table IJ, containing the 
records of daily precipitation, with monthly totals, throughout the 
five years from 1914 to 1918, inclusive. 

The annual precipitation has been sufficient to produce good 
broom-corn crops in almost all the years during which these experi- 
ments have been conducted, but in several seasons high yields and 
brush of gocd quality were not obtained. These poor yields are 
correlated in some measure with unfavorable distribution of the 
larger and more important rains. ; 

Distribution may be unfavorable in several ways. Much of the 
annual rainfall may come within a short period either at the begin- 
ning, in the middle, or near the end of the season. The seasonal 
rainfall may be sufficient in quantity but poorly distributed. Some 
month may be unusually wet, followed by a long dry spell. Such 
a condition occurred in 1914, when May was wet and June and July 

were dry, and again in 1916, when June was wet and July was 
entirely without precipitation. 

Still another condition may occur in which the rainfall is fairly 
evenly distributed in point of time and about sufficient in quantity 
and yet be unsuitable for crop production. This is when it occurs 

_in light showers which do not penetrate the soil and are soon evap- 
orated. Showers amounting to half an inch or even more may add 
little or no water to the soil if followed by high winds and bright 
sunshine, which cause rapid evaporation. The season of 1918 is a 
good example of this condition, as may be seen in Table II. While 
a number of showers fell from June to August, inclusive, only two 
afforded more than temporary relief to the crop. 

TasLe II.—Daily and monthly precipitation at Woodward, Okla., during the 
d-year period from 1914 to 1918, inclusive. 

[Data (in inches) furnished by the observer of the United States Weather Bureau at 
Woodward. T=trace.] 

Date. Jan. | Feb. | Mar.| Apr.) May. |June. | July.| Aug.| Sept.! Oct. | Nov.| Dec. 
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Taste I1.—Daily and monthly precipitation at Woodward, Okla., during the 
5-year period from 1914 to 1918, inclusive—Continued. 

{ 

Date. | Jan. | Feb.| Mar. Apr. | May. \June. | July.| Aug. | Sept.) Oct. |Nov. |Dee. 
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Taste II.—Daily and monthly precipitation at Woodward, Okla., during the 
5-year period from 1914 to 1918, inclusive—Continued. 

Date. Jan. | Feb. | Mar. | Apr. | May. |June. ‘July.| Aug. Sept.| Oct. | Nov. | Dec. 

ROD sea eooeaane sae) alls KO | 2272. bea lop) 2 51 | 4.49 QM. 79) |) 270" || 1:26) |°3545 | 1273: |) 3358 
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Humidity. 

The atmospheric humidity of this section is low on the average. 
It decreases and the wind velocity increases from the central part of 
Oklahoma westward. The usually low humidity at Woodward no 
doubt plays an important part in influencing transpiration from 
the growing crops. ; 

Taste IIl.—Monthly climatic data, covering temperature and wind movement, 
recorded at the Woodward (Okla.) Field Station in the six months, April to 
September, inclusive, of each year during the 5-year period from 1914 to 
1918, inclusive. 

Temperature. Wind. 

F : Maximum. Minimum. Highest day. i d ch ’ Season and mont Z Prevate | arontnie 

Mean. ad ee i ing move- i: 
ead- a ead- . irection.| ment. ove- 

ing. Date. ing. Date. erite Date. 

| anes p aan Saweacse 

Season of 1914: | olf ay Miles. | Miles. 
SAS TIL eee ee ae eee. 57 96 16 24 8 N. 7,344 440 21 
Ma yee nce ee cee 65 92 10 40 a8 8. 6, 845 400 10 
TUMels Ve Seen aes ee 80 103 28 52 28 8. 7,920 463 7 
TUL Sea eee 81 106 a29 57 9 Sh 4,613 298 22 
ATICUSi AR an eee eee. 79 101 20 60 ail s. 4, 836 316 23 
September............ 74 100 10 40 30 8. 5, 688 331 13 

Season of 1915: 
| Oyu eee oe ater arta et 61 92 28 28 al 5. 6, 768 481 4 

May n= se er eee fee 63 92 13 37 7 E, 5, 952 413 25 
JUNG Soe eee 72 100 20 44 8 E. 5, 544 351 il 
ys ae ee 78 99 12 50 5 Ss. 5, 580 342 7 
ATI EUS eee ee Ue 99 17 41 31 E. 3, 050 189 7 
September 2.22. ..2--- 72 99 10 46 27 De 4,248 302 13 

Season of 1916: . 
PTils: 226 Wc eee ee 53 88 ail 20 9 SW. 6, 624 445 19 

May, Joo saccceeoscee ees 68 105 7 32 1 SW. 6, 770 446 10 
JUNG 3.2 eb Se cee 73 101 1 52 6 EK. 5, 976 478 22 
i oll geet sey ara eee ea 80 103 19 55 a7 8. 4, 241 235 2 
PANIES beste coach ot 81 104 a3 46 28 SW. 5, 506 287 10 
September............ 70 98 12 31 29 SW. 5, 904 381 27 

Season of 1917: 
Ari aee eae Reece 55 91 22 23 2 NW 8, 237 507 | 16 
Mey aaee eee eres 60 98 17 30 8 SW 6, 653 475 ile 
SUIT C Has ne ees eee ee 76 109 12 41 a2 ) 6, 720 495 il 
AV Ae ese cee sc 83 108 13 56 12 SW 5, 597 300 29 
UATE US Gee eee eee 76 100 4 45 2) SE 3,774 234 5 
September.......... a 71 102 7 36 27 SE 3, 257 247 25 

Season of 1918: ° 
ADT es 23 8 ogee 2 51 82 1 29 a10 NE. 5, 678 360 14 
MB Vesneee ccc ie es 69 99 8 34 1|SE.-SW. 8, 129 462 19 
JUNC eee ree ees 79 106 24 58 al SW. 4,649 295 30 
July scene eee 80 103 15 53 1 SW 4,745 420 4 
PAUSUS Geese senses 84 105 a3 50 31 SW 4,680 262 6 
September............ 66 102 15 34 a 20 SW 3,874 266 24 

a Other dates also. 

Wind. 

Monthly data on wind are shown with other data in Table IIT 
for the crop season (April to September) in the 5-year period from 
1914 to 1918, inclusive. The wind velocity for the season averages 
high. Some days are calm; then there are other days when the 

wind moves at a very high velocity. The highest total movement 
for one day during that period was 507 miles, which occurred on 
April 16, 1917. This is an average of more than 21 miles an hour 
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for the entire day. Such high winds may cause great damage 
either by covering up the young plants, by cutting them off with 
moving particles of soil, or by blowing down the crop when it is 
approaching maturity. 

Temperature. 

The daily range in temperature is large. In summer the days are 
warm to hot, but the nights usually are cool. The data on mean, 

maximum, and minimum temperatures and the dates, by months, for 
the season (April to September) in the 5-year period from 1914 to 
1918, inclusive, are given in Table III, which also contains data on 
wind movement. 

The temperature in winter seldom reaches zero, but occasionally 

even lower temperatures occur. In summer the temperature reaches 

‘the 100°. F. mark and above quite frequently. The maximum 

temperature in this 5-year period, 109° F., was recorded on several 
dates in June, 1917. The average date of the last spring frost is 
April 11, and that of the first fall frost, October 25, leaving an 
average frost: free period of 196 days. 

» Evaporation. 

In the district here described the loss of moisture by evaporation 
is very great. The chief factors that influence evaporation are pre- 

cipitation, wind, and temperature. The maximum evaporation 

naturally occurs in periods of high temperatures, low rainfall, and 
strong winds. 

TapsLteE LV.—WMonthly seasonal and average monthly precipitation and evapora- 
tion at the Woodward (Okla.) Field Station during the siz months from April 
to September, inclusive, in the 5-year period from 1914 to 1918, inclusive. 

[Data (in inches) furnished by the Offic? cf Biophysical Investigations, Bureau of Plant Industry.] 

nl 

August. | September. Total. 

Year. Pre- Pre- |. Pre 

cipe EXPY capi [EN8) eipr Ever : a- | 4 a He 
é igh tion. | tion. | HOD: | Zon. | Hon 

AQUA Sees 1.7} 6.8{ 3.2] 6.2) 0.6] 11.3] 1.9) 10.9} 2.6} 8.9} 0.6] 8.4] 10.5 |. 52.6 
Oe ee eae 6.5| 6.0] 5.3] 6.7) 2.4] 6.6| 3.1] 10.0] 3.6| 6.5] 5.7 | 5.8] 26.8] 41.7 
OIG ae 2.3 | 6.0 Me? 9.8 | 10.3 TTA FY) 10.4 1.0} 11.2] 2.3 7.5 | 17.6 | 52.6 
OEE oe eet AEG) 72 feet Olt 1.4} 11.3 Lae AT 65 92 7.41220 5.0 | 14.0 | 49.6 
ib Reeser 22 5.0} 4.0 9.3 1.9 8.7 pie palOst: |e-1 Suet oO 12 5.8 | 11.3 49.9 

Average..._.| 2.9 6.2} 3.0 7.8 | 3.3] 9.1 1.4] 10.6 | 3.1 8.0 | 2.4 | 6.5 | 16.0 | 4.3 
| | 

t 

Table IV contains a comparison of the monthly precipitation and 
evaporation records made at the Woodward Field Station during 
the six months from April to September in each year of the 5-year 
period from 1914 to 1918, inclusive. The evaporation measured is 

147841°—20—Bull. 8836-2 
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from the free water surface of a tank 8 feet in diameter. The 
evaporation was more than three times as great as the precipitation 
during that period. The maximum monthly evaporation, 11.7 

inches, in this 5-year period, occurred in July, 1917. During that 

same month the precipitation amounted to only 1.1 inches. The 

5-year average evaporation for July was 10.6 inches, and that of the 
precipitation 1.4 inches. The averages for August are 8 inches of 
evaporation and 3.1 inches of precipitation. Such high evaporation 
and low precipitation have a bad effect on plant growth and are 
contributing causes to certain unfavorable crop results in various 
years. . 

THE WOODWARD FIELD STATION, 

The Woodward Field Station, located 1 mile southwest of the 
main part of Woodward, Okla., was established by the Office of 
Dry-Land Agriculture during the autumn of 1913, and the first crop 
was produced the following season. The farm consists of 160 acres 
of bench land. Most of the soil at the station is a light phase of 
sandy loam which is classified as Canadian sandy loam. Some soil 
blowing has occurred at the station but has never been serious. 
Woodward is centrally located in the western broom-corn area, and 

conditions are fairly representative of the transition belt which 
extends north and south between the high plains on the west and the 
prairie region to the east. The principal crops of the surrounding 
country are milo, kafir, broom corn, and winter wheat, with some 
corn and alfalfa grown on bottom lands. The results of the experi- . 
ments with broom corn at this station should be applicable to the 
greater part of the western broom-corn area, 

THE BROOM CORNS. 

Broom corn is a specialized sorghum, closely related to sweet sor- 
ghum. It consists of two rather distinct groups of varieties. These 
react differently to environmental conditions and therefore give dif- 
ferent results. To understand these results it is necessary to know 
the characters by which the groups differ from each other. 

CLASSIFICATION. 

‘The two groups of broom corn differ mainly in the height of the 
plants, in the tenacity of the attachment of the peduncle to the up- 
per node, and in the length and texture of the brush. 

Standard broom corn grows to a height of 8 to 10 feet under the 
conditions obtaining at the Woodward Field Station. Under more 
favorable conditions farther east it reaches a height of 12 to 15 feet. 
The leaves vary from 9 to 11 in number. The heads range in leneth 
from 18 to 24 or more inches, They are well exserted from the boot 
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or upper leaf sheath and firmly attached to the upper node, which 
makes necessary the use of a Imife in harvesting the brush. The 
fiber is coarse, but usually round and pliable. 
Dwarf broom corns range in height from 3.5 to 6 feet, with short 

internodes. The leaves are narrow, dark green, and from 10 to 13 
in number. The heads range in length from 15 to 22 or more inches 
under quite favorable growing conditions, but remain from one- 
half to one-third inclosed in the upper sheath. They are not as 
firmly attached to the upper node, which makes harvesting possible 
without the aid of a knife by pulling or jerking the heads from the 
standing stalks. 

EXPERIMENTAL CONDITIONS. 

In order to gain a better understanding of the experimental re- 
sults obtained from the varieties included in the different experi- 
ments, it is necessary to know the methods of obtaining the data re- 
corded and the conditions prevailing each season. 

Methods Employed. 

The methods employed in regard to the size and arrangement of 
the plats, the crop rotation practiced on the experimental area, the 
date on which the varietal experiment was sown each year, and the 
method of collecting certain agronomic data are explained in the 
following paragraphs. 

SIZE AND ARRANGEMENT OF PLATS. 

The land used in these experiments is divided into series which 
are 8 rods wide, extending the whole length of the field from north 
to south. These series are separated by roads 20 feet wide. The 
rows of broom corn extend across the series from east to west and are 
spared 3.5 feet apart. Thus, each row occupies a space 8 rods long 
and 3.5 feet wide and represents approximately one-hundredth of 
an acre. Seeding is begun at either end of the series and con- 
tinued until the entire series is finished. No alleys are left between 
the varieties, so there is no border effect except at the ends of the 
rows, where they border on the roads. Each variety usually occu- 
pied 10 rows, or a tenth of an acre. In sowing the varieties the rows 
were made longer than 132 feet, extending several feet into the road- 
way at both ends. When the plants had attained a height of 12 to 15 
inches the ends of the rows were trimmed to the proper limits. 

CROP ROTATION PRACTICED. 

Tt has not been practicable to follow a definite system of crop rota- 
tion in these experiments, because the land available for this work 
was all in sod the first year (1914), and only enough could be pre- 
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pared for immediate use. The pressure of other work prevented 
breaking new sod in time for the 1915 crop, so the same land was 
used as in 1914. Later in the season more sod was broken. This sod 
land was fallowed and used for the 1916 crop. In 1917 the varietal 
experiment followed the same crop, and the other experiments fol- 
lowed cowpeas. In 1918 the varietal experiment followed cotton, 
and the other experiments followed broom corn 

METHOD OF SEEDING. 

A 2-row combined corn and cotton drill fitted with sorghum plates 
was used for sowing the crop from 1914 to 1916, inclusive. Since 
then a 2-row drill fitted with a special plate, which is thinner than 
the ordinary sorghum plate, has been used. This plate contains 36 

holes, each three-sixteenths of an inch in diameter. The feed was 
run on high gear, which drops at intervals of about 3 inches. It 
was desired to have only one kernel dropped at a time, and the 

above-described plate was designed to accomplish that end; but in 
many cases two and occasionally three kernels were dropped, be- 
cause the kernels vary in size. = 

Broom-corn seed usually remains inclosed in the glumes or hulls, 
but some seed is dehulled by the thrasher. Seeds froa from glumes 
will pass through a much smaller hole than the seed remaining in 
the hulls. This makes a drop of a single kernel each time impossible 
where the dehulled seeds are mixed and the holes in the plates are 
large enough to drop seeds covered with a hull. 

Seeding was done at a rate heavy enough to insure a thick stand 
under normal conditions, with the idea of obtaining a stand suffi- 
cient for these experiments if the conditions were unfavorable. 

When the plants were from 6 to 10 inches high the plats were 
thinned by hand to the stands desired in the different experiments. 

DATES WHEN THE CROPS WERE SOWN. 

The dates on which the crops in the varietal, rate-of-seeding, and 
spacing experiments were sown each year are as follows: In 1914, 
all three experiments were sown on May 14. In 1915 the varietal 
and the rate-of-seeding experiments were sown on May 25 and the 
spacing experiment on the following day. In 1916 the spacing ex- 

periment was sown on May 19 and the other two on May 22. In 
1917 the spacing experiment was sown on May 18 and the others 

on May 24. In 1918 the varietal and rate-of-seeding experiments 
were sown on May 27 and the spacing experiment on June 3. 

METHODS OF COLLECTING DATA. 

The data on plant and stalk spaces and on the occurrence of 
suckers and heads were obtained by actual counts of the plants, 
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stalks, and heads in all the rows of each variety for which such 
data are presented. The percentage of suckers is determined by 
dividing the difference between the number of stalks and the number 
of plants by the number of stalks. The percentage of headed stalks 
is the number of stalks that bore heads divided by the total number 
of stalks in the plat. The growing period as given here is the total 
time elapsing from seeding until the brush is harvested, usually 
when in the dough stage. The vegetative period is the time from 
seeding until the heads appear. If growing conditions are unfavor- 
able and heading is progressing slowly and unevenly, this period is’ 
prolonged but counted as ended when heads cease to appear. The 
fruiting period is the completion of the vegetative period or the 
time from the appearance of the heads until the brush is considered 
ready to harvest. 

The height of the plants is the average of several measurements 
made at different points in the plat. The heads are included in these 
measurements and considered as standing erect, though most of them 
droop, which gives the stalks the appearance of a lower height. 

The standard varieties are harvested by tabling the stalks so that 
the heads are brought within easy reach. Then the heads are cut 
off with a jackknife, leaving about 6 inches of stem with the head. 
The Acme and Dwarf varieties are harvested by pulling or jerking 
the heads from the standing stalks. The heads are taken at once 
to the curing shed and thrashed. Then the thrashed brush is placed 
in layers, about 3 inches thick, on shelves in racks to cure. After the 
brush is cured, which requires about two weeks, depending some- 
what upon the weather conditions, it is graded. This is done by 
sorting by hand the good brush from the poor. Fach lot is then 
weighed and the acre yields are computed therefrom. The com- 
bined weight of the two grades is the total yield per acre. 

- Brush with long, round, straight fiber without heavy center stems 
is graded good quality, and short, spiky brush with large center stems 
and that with crooked brush or coarse, fiat fiber is graded poor 
quality. Heads with fiber of good and poor quality are shown in 
figure 3. 

The length of the brush in each grade is the average length of 
10 heads picked at random from each lot after it is graded. 
The percentage of good brush is the weight of that grade divided 

by the combined weight of both grades, or the total yield of the plat. 

Environing Conditions. 

A brief summary of the environing conditions during the 5-year 
period from 1914 to 1918, inclusive, is given to aid in the interpreta- 
tion of the results obtained during that period. 
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The season of 1914 was not favorable to high yields. The rain- 
fall for the first four months of the year was below normal, which 
left the soil without much stored moisture. One good soaking rain 

Fig. 3.—Heads of broom corn: (4) Good type, round fiber; (B) coarse, flat fiber; 

(C) crooked head; and (D) poor, short fiber and a large central stem, 
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of 1.96 inches occurred on the first day of May. There were 13 
light showers, well distributed throughout the remainder of the 
month, but none of these was sufficient to furnish stored moisture for 
future use. June was extremely dry, with only one rain of 0.61 
inch, which fell on the 15th of the month. The next rainfall of 
value did not come until July 6. During the remainder of July 
there was only one rain. The rainfall for August was below normal 
and over half of it fell in the last five days of the month, which 
was too late to benefit the crop, which had been sown the middle 
of May. 

The season of 1915 was extremely wet. The rainfall for each of 
the first 10 months of the year was above normal. During the 
growing season there was no time that the crop lacked moisture. 
This resulted in unusually high yields in all varieties. 
-'The year 1916 was variable and unfavorable. The total precipi- 

tation, which was about normal, was quite unevenly distributed. 
The rainfall in April was normal, but for May it was only about 
half of the normal. The precipitation for June amounted to 11.64 
inches, which is about 8 inches above the normal for that month. 
More than 5 inches of this fell on the 4th and 5th, but the re- 
mainder was fairly evenly distributed throughout the rest of the 
month. July was bone dry; August was short by nearly two-thirds 
and September by almost one-third of the normal supply. Crops so 
seeded that the critical growing stage of the plants did not occur 
in a droughty period made fair to good yields, but otherwise both 
yield and quality of brush were affected. 3 

The season of 1917 was not favorable to the production of broom 
corn of good quality. The rainfall for May, June, July, and Sep- 
tember was considerably below the normal of those months, while 
the rainfall for August was 7 inches, which was nearly half of the 
total precipitation for the entire year, or 3.5 inches above the normal 
for that month. 

The crop season of 1918 was the poorest in the 5-year period 
under consideration. The rainfall in April and May was about 
normal and fairly well distributed, which furnished moisture suffi- 
cient to start the crop in good condition; but June was dry, and 

July was drier still. The rainfall for August amounted to only 
seven-tenths of an inch, and this fell on four different days, which 
made it of little value to the crop. The temperature for the three 
months, June, July, and August, was high, as was also the evapo- 
ration. These conditions, together with the law rainfall, made 
erowth practically impossible at times, which resulted in the lowest 
yields in five years. 
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VARIETAL EXPERIMENTS. 

The objects of the varietal experiments were to determine the 
adaptation and value of the different groups of broom corn and the 
best varieties in each group. 

The results obtained from -all the lots and selections of all va- 
rieties included in these experiments in any or all of the five years 
from 1914 to 1918, inclusive, are presented in the tables that: follow. 
All the agronomic data that are-available, so far as they serve to 

~ show the comparative response of the different varieties to environ- 
ing conditions each season, are presented. 

The data in the tables include not only the yields, therefore, but 
the row space occupied by each plant and each stalk; the Jength in 
days of the vegetative and fruiting periods and of the total grow- 
ing period; the ‘percentage of suckers and of stalks headed; and the 
height of the plants. The yield (in pounds) of good and poor brush 
and the total yield of brush per acre are shown. The average length 
of the brush of each quality and the percentage of good brush in the 
total yield are also given. 

The tabulated ste show clearly that the Dwarf varieties oF broom 
corn outyield the Standard varieties under such conditions as exist 
at Woodward, Okla. The Dwarf varieties evidently require less 
rater and therefore are better adapted to the conditions obtaining 

in the district described than the Standard varieties. 

STANDARD BROOM CORN. 

The groups of broom corn have been described previously. Many 
varietal names are applied to each group; but these are not signifi- 
cant in most, if not all, cases, as they do not represent distinct va- 
rieties. Some of the names applied to Standard broom corn are: 
Australian, California Golden, Chinese Evergreen, Early Long- 
brush Evergreen, Evergreen, Imper ial Evergreen, Improved Ever- 
green, Missouri Evergreen, and Tennessee ii ouereers In many 
cases these are local names. The grower should know that he has 
seed of high germination, selected from brush of good quality. The 
manufacturer is not particularly interested in the*name applied to 
the brush. What he wants to know is the quality of the brush he 
is buying. This he can not determine by the name, but instead must 
see the brush itself. 

The results obtained with the Standard variety in the varietal ex- 
periment are shown in Tables V and VIII. From 1914 to 1916, in- 
clusive, one plat only of this variety was grown each year. The 
source of that variety (C. I. No. 556) is supposed to be Florence, 
Italy. The stock seed used in the experimental work was obtained 
by the senior writer in 1914 from Lindsay, Okla., the original seed 
having been imported two years previously. The field at Lindsay 
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from which this seed was selected was of uniform height and pro- 
duced a crop of good brush. The fiber was round, pliable, of medium 
size, and of uniform length. 

In 1917 two more strains (C. I. Nos. 580 and 588) were included 
in the experiment. These were obtained in the spring of 1915 and 
grown for two years in 8-rod rows before being increased to tenth- 
acre plats. The former (C. I. No. 580) was obtained from a seed 
company in Houston, Tex., under the name “California Golden 
Dwarf,” and the latter (C. I. No. 588) from a seed firm in New York, 
under the name “Evergreen.” These strains are early, and for that 

reason were thought to be of probable value. 
The vegetative period for C. I. No. 556, shown in Table V, ranges 

from 73 to 80 days for all years except 1917. In that year it was pro- 
longed to 112 days, which was due to droughty weather conditions 
during the vegetative period. For the other two strains the vegeta- 
tive periods in that same year were 95 and 100 days, respectively, 
which are 17 and 12 days shorter for these strains than for C. I. 

No. 556. The fruiting period usually occupies from 17 to 20 days, 
depending upon growing conditions. These early strains required 
less time than C. I. No. 556 by 9 and 7 days in 1917, and the fruit- 
ing period of the one grown in 1918 was shorter by 5 days. The 
other strain (C. I. No. 588) was discarded after one year. It 
was not as early as the one which is retained, and while the brush 
was of a greater average length the quality was not as good. The 

most objectionable feature was the construction of the head. AI- 
most without exception the heads had a rachis or central stem from 
3 to 4 inches in length. 

The average row space per plant in the 5-year period ranged from 
5.8 inches in 1915 to 8.6 inches in 1918. The plats were thinned by 

- hand each year to approximate a stand of one plant to 6 inches of 
row space, as that appears to be about the right rate for the best 

results under Woodward conditions. The stalk space does not differ 
materially from the plant space, as the percentage of suckers is 
quite small. In 1914 and 1915 the suckers amounted to less than 1 
per cent, and they were as much as 20 per cent in only one year. 

This occurred in 1918 in one variety, though the average for the 
two strains that year was only 14.9 per cent. 

The yield per acre of brush is recorded in pounds. The yield 
of good quality is recorded first, then that of poor quality, and lastly 
the total yield, which is the combined weight of both qualities. 
The highest total yield was obtained in 1915, which was the most 
favorable season for high production in the 5-year period. But the 
percentage of good brush was lower in that year than in any other. 
This is natural, as seasonal conditions favorable to rapid growth are 

147841°—20—Bul. 836-3 
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conducive to the development of coarse, kinky, or burly fiber and 
crooked heads. Table VIIT shows the annual yields of all lots of 
broom corn included in this experiment, together with their average 
yields in periods of varying length. 

TABLE V.—Agronomic data for Standard broom corn grown in varietal experi- 
ments at the Woodward (Okla.) Field Station during the 5-year period from 
1914 to 1918, inclusive. 
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ACME BROOM CORN. 

The Acme broom corn was developed from a selection made in a 
field of Standard broom corn by Mr. A. H. Leidigh, at Channing, 
Tex., in 1906. It resembles the Standard variety in the length and 
texture of the brush and the Dwarf in the height of the stalk. The 
peduncle, or main stem, is less firmly attached to the upper node, or 
joint, than it is in the Standard broom corn. This makes it possible 
to harvest it in the same way as the Dwarf variety. The Acme re- 
quires less water than the Standard, and it produces a brush of good 
length and quality under the average seasonal conditions obtaining 
in the southern Great Plains. These characters make it adapted to 
conditions in that section of the United States. It is now being 
grown there commercially to a limited extent. Plants of this variety 
are shown in figure 4. 

The results with the Acme broom corn obtained in the varietal ex- 
periment conducted at the Woodward Field Station during the 5- 
year period from 1914 to 1918, inclusive, are shown in Tables VI and 
VIII. It will be noted in Table VI that in the 5-year period the 
row space per plant ranged from a minimum of 5.5 inches in 1915 
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to a maximum ot 8.7 inches in 1916, with an average of 7.3 inches for 
the whole period. This is approximately the same stand as that of 
the other varieties, which makes comparison possible. This variety 
requires about 90 days to mature under average conditions. This 
time may be either lengthened or shortened by growing conditions; 
it was prolonged to 115 days in 1917, while it was only 84 days in 
1918. Droughty weather when the crop is approaching the heading 
stage, changed to favorable growing conditions by rain during that 
stage, will prolong the vegetative period and make heading irregu- 
lar, though the percentage of stalks headed may be high, as in 1917, 

_ Fic. 4.—Plants of Acme broom corn (C. I. No. 243). 

when 97.5 per cent of all stalks headed. The vegetative period may 
be shortened by the reversal of growing conditions from favorable to 
unfavorable just as the plants are approaching the heading stage. 
In such cases none except the early stalks produce heads. This re- 
sults in the shortening of the growing period and in a low percentage 
of stalks headed, as was the case in 1918, when the crop required only 
84 days to mature and produced only 66.6 per cent of heads. 

The average height of the plants ranged from 3.5 feet in 1918, a 
very dry season, to 5.5 feet in each of the years 1915 and 1917, when 
seasonal conditions were more favorable. The plants are uniform in 
height, and the height compares favorably with the best strains of 
the Dwarf broom corn. 
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The yield and percentage of good brush vary with the season. 
However, a low yield of brush does not necessarily mean a small 
percentage of good quality. In 1918 the yield of good brush was at 
the rate of 283 pounds to the acre, which was 91.1 per cent of the 

total crop. In 1915 the yield of. good brush was 600 pounds per acre, 
which was only 79.4 per cent of the total yield. The acre yield of 
good brush ranged from 283 pounds in 1918 to 600 pounds in 1915, 
with an average yield of 392 pounds in the 5-year period, which is 
an average of 88.5 per cent of the total-brush produced in that period. 
The annual and the average yields are shown in Table VITI, where 
it will be noted that this variety ranked second in the 2-year average 
and tied with one Dwarf strain for first place in the 5-year average. 
In percentage of good brush it ranks first. This is shown graphically 
in figure 7. 

Taste VI.—Agronomic data for Acme broom corn grown in varietal experiments 
at the Woodward (Okla.) Field Station during tire 5-year period from 1914 to 

1918, inclusive. 
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DWARF BROOM CORNS. 

Dwarf broom corn came into prominence during the early nineties, 
owing to its adaptation to dry-land conditions. Since then the 
center of production of the broom-corn crop has moved from Illinois 

westward into Oklahoma. Most ofthe crop grown in Oklahoma and 
adjacent States is of the Dwarf variety except in the Lindsay dis- 
trict of Oklahoma, which includes the Washita bottom lands in 
Garvin, Grady, and McClain counties. As in the case of the Stand- 
ard variety, many names are applied to the Dwarf broom corn. 
Some of the most common of these are California Golden Dwarf. 
Dwarf, Dwarf Evergreen, Evergreen Dwarf, Japanese Dwarf, and 
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Oklahoma Dwarf. These names are mostly local and do not repre- 
sent different varieties. . 

The Dwarf broom corn used in the varietal experiment included 
three different lots in the first three years, from 1914 to 1916, in- 
clusive. In 1917 three more lots were added, making a total of six 
grown in that year. One was added in 1918, which made seven for 
that year. In all, a total of seven different lots and 22 plats were 
grown in the 5-year period from 1914 to 1918, inclusive. These lots 
were obtained from different sources, most of them widely separated. 

C. I. No. 442 was obtained from a grower at Sterling, Kan., in 
1911, and has been grown at the Amarillo (Tex.) Field Station since 

Fic. 5.—Plants of Dwarf broom corn (C. I. No. 442). 

that time. Plants of this strain are shown in figure 5. C. I. No. 535 
is the result of a selection made by the senior writer in 1912 from a 
crop grown at the Amarillo station that year from bulk seed obtained 
from a grower near Amarillo, Tex. The crop from which this selec- 
tion was made was evidently a mixture of Standard and Dwarf 
varieties, as it was quite variable in height and type of brush. 

C. I. No. 557 was obtained from a grower at Elk City, Okla., in 
1914. He had been growing this strain in large quantities for a 
number of years, distributing the seed commercially under the name 
Evergreen Dwarf. It is a good variety, well adapted to dry lands, 
which produce a high yield of good brush under average conditions. 
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C. I. Nos. 559, 564, 595, and 597 were obtained from different seed 
companies and grown in 8-rod rows at the Woodward Field Station 
for two or three years before being included in the varietal experi- 
ment. : 

The agronomic data for Dwarf broom corn are shown in Table 
VII, while the annual and average acre yields are shown in Table 
VITI, where comparisons with the Standard and Acme varieties are 
made. 

The row space per plant in the different lots does not vary more 
than about an inch in any one year, while the average row space for 
all lots in the same year ranges from 6.3 inches in 1915 to 8.6 inches in 
1916. From this standpoint the Dwarf varieties are directly com- - 
parable with the other varieties used in the experiment. 

The total growing period of the three lots grown during the entire 
5-year period ranged from 84 days in 1918 to 114 days in 1917, with 
an average of 94 days for the period. This is the same average 
period as for the Acme, but 9 days less than was required by the 
Standard, which was 103 days in the same period. The average 
proportion of suckers in these same three lots is 15.5 per cent, which 
is 3.5 per cent greater than for Acme and about three times as high 
as for the Standard, C. TI. No. 556. 

In height C. I. No. 442 is consistently lower than any of the other 
lots. Its height ranged from 2.3 feet in 1918 to 4.3 feet in 1915. 
While the other two lots are of practically the same height in most 
years, they show a difference of 6 inches in 1917, each reaching its 
maximum of 5 and 5.5 feet, respectively, in that year. The new 
lots added in 1917 compare favorably in height with the two just 
mentioned. 
The average yield of good brush by the three lots grown during 

the entire 5-year period ranged from 240 pounds in 1918 to 615 
pounds in 1915. The average total yield produced in these same 
two years was 278 and 752 pounds, respectively. The yield of good 
brush was 85.8 per. cent and 82.2 per cent of the total yield. The 
higher percentage of good brush was produced in 1918, when the 
lowest total yield was made, and the lower percentage in 1915, when 
the highest total yield was made. This tends to show that the per- 
centage of good brush does not depend so much upon the quantity 
of brush produced as on the conditions under which it is grown. 
Growth that is too rapid or too slow during the fruiting period has a 
bad effect on quality. The former makes coarse, burly, or twisted 

brush and crooked heads, while the latter causes the brush to be 
short and spiky. The greatest average length of good brush, 21.7 
inches, was produced in 1915, and the shortest, 15.5 inches, ‘in 1917. 
In the former year the length of the poor brush was the same as the 
good, but the crop made a rapid growth and developed some coarse, 
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twisted brush. In the latter year growth was retarded, so that a 
number of short, spiky heads developed which were of poor quality 
and averaged only 13.2 inches in length. The lowest average per- 
centage of good brush in the 5-year period was made in 1916. In 
that year the length of good brush averaged 18.8 inches, but it 
amounted to only 80.9 per cent of the total crop. The same year 
the average length of the poor brush was only 14.7 inches, or 4 inches 
less than the good brush. This was due to extremely dry conditions 
in the latter half of the heading period. 

TABLE VII—Agronomic data for Dwarf broom corn grown in the varietal experi- 
ments at the Woodward (Okla.) Field Station during the 5-year period from 
1914 to 1918, inclusive. 

A ee | lo 
Row space | Length of pe- | Percentage | @ ee Ven ett of = 
(inches). Tiod (days). of— SS (pounds). (inches). | © 

Bg oH 

I EI PSs 
Year and variety. | 3 | = ros | | os 

3 | Aiello | here 
Bg AB? ols | ee areal es ae lees =| 8 
Biol tales |d, | Sot oma oa [eS “fero | SSei/° 

Bele Seee he orl ere tee aero |) On| Oo =o see & 
B- | n = & <a 11 =) a) 5 = & ie) ee 

| Roemer | 

Season of 1914: S. = 
@uienNo 4. 16.5165) 73 | 18'|. 9% 0| 93.4 | 3.5 | 275-| 20] 295 | 18.0 | 15.0 | 93.2 
GE Noises lo 5: 75 1273 |- 18 |- 91 0| 82.1 | 3.8 | 225] 20 | 245] 18.0] 12.0] 91.8 
GPT Noi 557 2. |-6:5:|' 6:5.) 73+ 18:| 91 0| 77.4} 4.0 | 250 | 100 | 350 | 21.0 | 14.0] 71.4 

Average of 3.....| 68] 6.8] 73| 18| 91 0| 80.9 | 3.8 | 250| 47 297 | 19.0 | 13.7 | 85.5 

Season of 1915: 2 5 
C. I. No. 442.......| 6.3] 5.2] s1| 14] 95|17.3| 727] 4.3] 511| 93 | 594 | 21.0| 21.0 | 86.0 
C. L. No. 535.......| 6.9| 6.0| 74| 21| 95] 12.3| 96.3 | 4.8 | 683 | 122] 805 | 22.0 | 22.0| 84.8 
C. I. No. 557.......| 5.7| 5.3| 76| 19] 95'| 7.0 |100.0 | 5.0 | 650 | 205 | 855 | 22.0 | 22.0| 76.0 

Average of3.....| 6.3| 5.5| 77| 18| 95| 12.2] 99.7 | 4.7 | 615 | 137-| 752 | 21.7 | 21.7 | 92.2 

Season of 1916: aera | | | | 
G.I. No. 442.......| 9.2| 5.3| 72| 15| 87 | 41.71] 75.9 | 3.0 | 283 | 117| 400 | 17.0] 13.5 | 70.8 
CG. I..No. 535......| 9.0| 5.9| 65| 22] 87] 33.8] 81.9 | 3.8| 433] 50| 483 | 19.0] 14.5 | 89.7 
CG. I. No. 557.......| 7.6| 6.8| 70] 17]. 87| 10.7| 86.9 | 3.8] 361| 78| 439 | 20.5 | 16.0] 82.3 

Average of3.....| 86| 6.0| 69| 18] 87| 28.7 | 81.6 | 3.5 | 359 | 82 | 441 | 18.8 | 14.7 | 80.9 

Season of 1917: | ee | ! | 
C. I. No. 442.......| 7.1| 5.9] 96| 16| 112 | 16.6 | 94.5] 4.0| 328] 72} 400 | 14.0] 12.0] 81.9 
C. 1 No. 535....-..| 7.8| 7.0} 96| 18| 114| 10.0| 93.0] 5.0| 378] 721 450 | 17.0] 13.5 | 84.0 
C. I. No. 557.......| 6.8| 5.9|109| 8] 117] 12.8] 91.2| 5.5 | 378| 77 | 455 | 15.5 | 14.0 | 82.9 

Average of3.....| 7.2| 6.3|100| 14| 114! 13.1| 929] 4.8 | 361! 74 | 435 | 15.5 | 13.2 | 82.9 

C. 1. No. 559.......| 6.8] 6.5|116| 17] 133 | 3.0| 87.4] 4.5 | 444| 45 | 489 | 16.5 | 12.0 | 90.9 
G.I. No. 595.......| 7.5| 4.8] 107| 15 | 122| 35.7] 85.3 | 5.0 | 365| 80| 445 | 16.5 | 12.5 | 82.0 
C. I. No. 597.......| 7.6| 6.8] 107| 15] 122] 10.7] 95.5| 5.5 | 411| 50| 461 | 17.0| 14.0 | 89.2 

Average of3....-.| 7.3| 6.0] 110| 16| 126| 16.5 | 89.4 |5.0| 407| 58 | 465 | 16.7] 12.8 | 87.4 
Average of6.....| 7.3] 6.2] 105| 15 | 120 | 14.6 | 91.1| 4.9| 334] 66 | 450 | 16.1 | 13.0 | 85.1 

Season of 1918: 
C. 1. No. 442.......| 7.6| 5.3| 66} 19| 85 | 30.1| 59.3] 2.3] 188| 37 | 225 | 14.0| 13.5 | 83.3 
C. L. No. 535.......| 6.9| 5.6| 67] 17| 84| 18.7] 57.3] 3.5 | 239| 50| 289} 19.5 | 14.0] 82.7 
C. I. No. 557.......| 7.2| 5.6| 69] 15] 84| 21.4] 70.4| 3.5 | 294| 28 | 322] 16.5 | 13.5 | 91.4 

Average of3.....| 7.2| 5.5| 67| 17| 84| 23.4 | 62.3|3.1| 240| 38 | 278 | 16.7| 13.7 | 5.8 

C. I. No. 559 | 6.3 | 5.7| 86| 22] 108| 10.6 | 15.2] 4.3| 75| 10] 85 | 16.5 | 13.0] 87.1 
C. I. No. 564.......| 7.8] 6.5| 70| 25| 95| 16.7] 582| 4.0] 178| 22] 200| 16.5] 125] 88.9 
G.I. No. 595...-...| 7.7| 5.0] 67| 19| 861 35.1 | 56.9| 3.5 | 278] 44 | 322 | 19.5 | 15.0| 36.2 
C. I. No. 597.......| 8.0 | 5.6] 70] 16] 86| 29.9] 587) 3.5 | 294| 25 | 319 | 18.5 | 15.5 | 92.2 

Average of4.....| 7.5| 5.7| 73] 21| 94| 23.1] 47.3| 3.8] 206| 25 | 231 | 17.81] 14.0| 88.6 
Average of 7.....| 7.3| 5.6] 70| 19| 89| 23.2] 53.5| 3.5 | 221| 31 | 252 | 17.3 | 13-9 | 87.4 

| } | 
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COMPARATIVE YIELDS IN THE VARIETAL EXPERIMENTS. 

The annual and average acre yields of brush of good and of poor 
quality from all the Pencaore in all three groups ot broom corn 
grown in the varietal experiments are shown in Table VIII. The 
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ig. 6.—Diagram showing the annual and average acre yields of good brush of the 
Standard, Acme, and Dwarf broom corn grown in varietal experiments at the Wood- 
ward Field Station during the 5-year period from 1914 to 1918, inclusive. 
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average yields are given first for the two years, 1917 and 1918, in 
order to compare a few selections grown only in those years. The 
average yields in the full 5-year period from 1914 to 1918, inclusive, 
are given for all selections grown for that length of time. 
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Table VIII shows that a selection of Dwarf broom corn (C. I. No. 
597) made the highest average yield of good brush in the 2-year 
period, with the Acme variety taking second place, while several 
other Dwarf selections are close competitors for third place. In the 
5-year period, the Acme and the Dwarf (C. I. No. 535) tie for first 
place, with an average yield of 392 pounds of good brush. The 
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Fie, 7.—Diagram showing the annual and average percentage of good brush in the total 

yield produced by the Standard, Acme, and Dwarf broom corn grown in yarietal 

experiments at the Woodward Field Station during the 5-year period from 1914 to 
1918, inclusive. 

Dwarf (C. I. No. 557), with an average yield of 387 pounds, or only 
5 pounds less, takes a close second place, and the Standard (C. I. 
No. 556) takes third place, with an average yield of 331 pounds in 
this period. The 5-year average yield of the Standard, Acme, and 
Dwarf varieties is shown graphically in figure 6. 

From the standpoint of the percentage of good brush in the total 
yield produced in the 5-year period from 1914 to 1918, inclusive, the 

147841 °—20—Bull. 836 
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Acme stands first, with an average of 88 per cent, while the Dwarf 
(C. I. No. 535), is a close second, with an average of 87 per cent. 
This selection leads the next highest selection, Dwarf (C. I. No. 442), 
by 4 per cent, while the other two varieties, one Standard and the 
other Dwarf, grown in that period, tie for fourth place, with 80 per 
cent each. The percentage of good brush produced by the Standard, 

Acme, and Dwarf varieties is shown graphically in figure 7. 

TABLE VIIT.—Annual and average acre yields of all lots of broom corn grown in 

varietal experiments at the Woodward (Okla.) Field Statien during periods 
of varying length in the five years from°1914 to 1918, inclusive. 

Annual acre yields (pounds). Average yields. 

' | 2years,i917 |5 years, 1914 
Variety. 1914 1915 1916 1917 | 1918 Arava 1918. ro 1918. 

| 

Good. Poor.|Good.} Poor./Good.| Poor. Good Poor. Good.) Poor. Good.) Poor.|Good.| Poor. 

| | 
Standard | | | 

Cc. 0. | | 5 | 
556. Wi e<| (225 1 440 235) 366 39 350 31 275 30 312 30 331 82 
sto No: 
15501 0 Fpeupsp a Fatpe a mene Pera OR [aR name PER | Perec trec | PA cee aed eC 160 45 356 22 258 Bor econ eee 

C. I. No. | | | 
DBS wee cel Some | Smeets leis ee reser eee | 200 5 | aie eo Loc nce eee ee loeece es aera 

Acme 
CG. T. No. 

Asse acee 305 20 600 LOS) 378 55 394 39 283 28 338 33 392 59 
Dwarf 

C. I. No. 
G oe Fe S| 275 20 511 83 283 7 328 72 188 37 258 54 317 66 

. No. 
ee ae ie eee|) 225 20 683 122 433 50 378 72 239 50 308 61 392 63 

. No. 
Does 256 100 650 205 361 78 378 77 294 28 336 52 387 98 

Ce No: 
SD Origa | open eaes|  Socceeeel | epee eal |e yee S| eee are | 444 45 75 10} 259 2, | pecterss |e see 

. No. 
OGAS cece af ecisete 2 | rst tl ere lS Ste a ee Se | eee | 178 Dae 5:2 cess [ae See eee ree ea | eens 

C. I. No. 
OD ea lor lle sot A eae Balok ere ewe oe |e cell ae eee 365 80 278 44 321 621) 23.285] Scense 

GC. I. No. 
OO Tee ae ola oies ol si cars a leone * | noaen cle eeee Beeeee 411 50 294 25 352 PY nl ery Peet 

DATE-OF-SEEDING EXPERIMENTS. 

A date-of-seeding experiment with Acme broom corn was con- 
ducted each year during the 5-year period from 1914 to 1918, in- 
clusive. The plats used in this experiment were one-tenth acre in 
size. Seeding was done at intervals of one to two weeks. In 
1914 the experiment included only three different dates. These 
were increased to four dates in 1915, to six dates in 1916, and to 
seven dates each in 1917 and 1918. 

Table IX shows the agronomic data for Acme broom corn in the 
date-of-seeding experiment. It will be noted in this table that the 
stands obtained in the different dates of seeding in the same year 
and in the different years are comparable in almost all cases except 
those of the last date, July 3, 1917, and the first three dates in 1918. 
The thin stand in the former case was due to the dry condition of 
the soil and to high temperature at and following the date of seed- 
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ing. Germination was low, and a number of the young plants did 
not have vigor enough to withstand the heat after they emerged. 
In 1918 the thin stands were due to the poor quality of the seed 
used. This seed was slightly frosted before harvest the previous 
year. Though it showed a fairly high germination in laboratory 
tests made prior to seeding time, it evidently was losing its vitality 
will age, as the stand of each successive seeding was thinner than 
that of the preceding one. For the last three dates in 1918, seed 
from another source was used, which gave a stand comparable 
with the stands in the other years. 

The shortest total growing period required by the crop from any 
one date of seeding was 73 days, which resulted from the seeding 
made on April 16, 1917. In any one of the first three years, 1914, 
1915, and 1916, the variation in the duration of the total growing 
periods of plats sown at different dates amounted to about 15 
days. In the 3-year period the greatest variation amounted to 24 
days. In 1917 the time required for the crop to mature was much 
longer than it was in any other year. In that year the shortest 
time was 100 days from the June 2 seeding and the longest time 
187 days from the April 16 seeding. The abnormally long time 
required by the crop was due to the very unfavorable growing con- 
ditions which obtained in varying degrees through the months of 
May, June, July, and September. The moisture in August was 
enough to promote normal plant growth. The unusually short time 
required to reach maturity by the crop sown on July 1, 1916, was due 
to the lack of moisture at and following the time the cr op was head- 
ing. Only 79.3 per cent of the total number of stalks in the crop 
preduced heads. 

Suckering i is influenced largely by growing conditions and varies 
widely in the same variety when grown under different conditions. 
In 1914 the suckers amounted to less than 1 per cent of the total 
number of stalks resulting from any one of the dates of seeding, 
while in 1915 they ranged from 4.8 per cent to 28.1 per cent of 
the total. The percentage in 1916 varied about the same as it did 
in 1915, but it shows quite an increase in 1917, reaching 40 per cent 
in the July 3 seeding. However, a still wider variation occurred 
in 1918, when the highest was 62.8 per cent and the lowest only 6.5 
per cent. This is a difference of 56.3 per cent, which was due to 
differences in stand and other environing conditions. 

The percentage of stalks that head is influenced largely by grow- 
ing conditions at heading time. When there is sufficient moisture 
to develop normal plant growth throughout that stage the per- 
centage of heads developed to total stalks will be much larger than 
will be the case otherwise. There may be as wide a variation in 
the percentage of heads developed in plants sown at different dates 
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in the same year as in plats sown on the same date in the different 
years. The lowest, 60.7 per cent, in the 5-year period was from the 
seeding made June 1, 1918, and the highest, 97.5 per cent, was from 
the seeding made on May 24, 1917. In the former case it will be 
noted in Table IT, which shows.the daily and monthly precipitation, 
that the crop was grown under very dry conditions. In the latter, 
the month of August, at which time the crop was heading, was 
quite favorable. 

The average height of the plants -in the ‘different years ranges 
from 3.5 to 6.3 feet. The height depends largely upon the rapidity 
of growth during the first 30 or 40 days of the vegetative period. 
When the height of 6.3 feet resulted from the seeding made June 19, 
1915, the soil was in a moist condition and remained so for some 
time, with a temperature favorable for rapid growth. At other 
times during several of the years when the plants reached a height 
of less than 4 feet. the crop encountered a long droughty spell during 
the vegetative period. 

TaBLe IX.—Agronomic data for Acme broom corn in the date-of-seeding experi- 
ments at the Woodiward (Okla.) Field Station during the 5-year period from 
1914 to 1918, inclusive. 

PON Poss cs) 
Row space | Length of pe- | Percentage} © Yield of brush | Length of | o 
(inches). | riod (days) of— = ep EON brush 2 ie v272 ee (pounds). (inches). | 

Date of seeding. | 3g BS i ae 

| a) ;-lea| 3 | a5 
ge | ar 3 § : z Ss oS : orp lage g 
me Sb Be eet oe SS eh | Se a Se eee a jie | ee |e |S) eee |S eel ea Sala ome 
a A oo ESE Bln ns Hy o;al a] & Aa 1 

Season of 1914: | ‘ | | 
Maya Areca or se 5.8 O58 Wn 73. aly OK 0 81.8 | 4.0 | 305 60 | 365 | 21.0 | 15.0 |} 80.8 
Bi Abia Ts i eveloeey ake 4.4 4.4 69 22 91 0 CRSA Ol ete a ei ek G12) ahs) epee | ae 
WUNCH 8-2. a2 othe |. 5.7 5.7 | 64 10} 74) O A eg Nd ka Ws 3) be eae es Cea, UI leer beth a fea 

Season of 1915 | 
MaVi2or hace sees am 5:5) 5:21 > 77 18. |- 95°|-4.8 | 93.0] 5.5 [ 600:|-155 | 755 | 23.0 | 2820-| 79-4 
JunedOs.-- 2: s4a25- S563} (652: | 78 19} 97 | 28.1] 86.7] 5.8 | 750} 45 | 795 | 22.0} 22.0] 93:3 
DUNE Ose. = ee 5.6 4 80] 18] 98] 20.4] 88.2; 6.3] 875 | 20] 895; 20.0] 20.0 | 97.8 
Ulver setae. cate ee 5.9) 4.9 | 69 14 | 83.| 15.8 | 79.2:)..... 630 | 70] 700 | 19.9 | 79.0] 90.0 

Season of 1916 
BYgli gon eac cen ae 5.8} 5.5} 70] 18 | 88] 5.2] 89.0] 4.8] 717] 25 | 742] 23.0] 14.0 | 96.6 

Mayo 16ei cece sean 6.0 5.2) 72 i4 86 | 13.0] 70.0} 4.5 } 556 7 | 563 | 23.0 | 19.0 | 98.9 
Ma Veou seers. 2-55 8.7 6.6} 76 17 |.. 87 | 24.1) 83:6 ) 3.8 | 378 | (55 | 438 | 18.5 | 16:.0.78752 
GUNG Wssse Seen 5.8} 5.5] 64 19} 83} 5.2] 83.0] 4.0 | 328} 22 | 350] 20.0] 13.5 |.93.7 
DUNG Wossoe-e inc cae 65.91): © ell 53 2: 77 | 13.8 | 91.3] 3.8] 475} 68] 543 | 22.5 | 18.0} 87.4 
Uy, Mss ees ee 5.9 5.4 51 [- 221 73 tea bev AS etal rset se Pasay A 57 | 514 | 22.0 | 19.0 | 88.9 

Season of 1917 
JNqoyeall Pale ae ee SE 6.3 4.9 | 124 13 |. 137 |:21.5'| 88.3] 4.0 |. 275 68 | 343 | 12.5] 11.0 | 80.0 
Ma yitessc22245 222: 6.0 4.6 | 110 11 | 121 | 24.7 | 86.0 | 5.0 | 350 |] 106 | 456 | 14.0] 12.0] 76.7 
Ma yalb cen e eee 5.9 4.9 | 106 12 | 118} 16.8 | 90.8] 5.0 | 450] 81] 531 | 14.0] 12.0 | 84.7 
Maiye2an soe bos eee Liss 6.5-| 107 8 | 115] 8.7] 97.5 | 5.5.) 394] 39 | 483 | 17.0] 138.0] 91.0 
June 2 (aver) 5.9 | 92 8 | 100 1.9} 92.16.) (5.5:} 507 | 986 |) 5437 |—-18, Onis Ou gage: 
June D2 e-8 ed. 7.4 6.1 95 14 | 109 | 17.6 | 83.1 | 4.5 | 625] 44] 669 | 19.0] 15.0] 93.5 
Villygpee ce esa oc. LO. Sit G21 &8 17 | 105 | 41.0] 75.6 | 5.0 | 633 | 50 | 683 | 20.0 | 14.0 | 92.7 

Season of 1918 | 
apul 10 see ee 27.6 | 10.3 92 16 |. 108 | 62.7 | 91.3 | 3.8 | 286 D7 | 348 | 22.5 | 18.5 | 83.3 
Mary le eee ai 2 22-0) 1022 84 ti 95 } 55.1 | 80.0} 3.5 | 193 50 | 242 | 19.0 | 16.0 | 79.4 
May; 14... eeates 39.4] 14.6 | 88 15 | 98 | 62.8 | 90.5 | 4.5 | 214 14 | 228 | 22.5 | 15.5 | 93.8 
MSV 27 -cc- ee ace 7.5 5.8 69 15 84 | 22.6 | 66.6 | 3.5 | 283 283) 311 :| 17-55 elo be |SOiet 
JUNG tse 7.0] 6.6) 76 14 90) 6.5 | 60.7 | 3.5 | 238 12 | 250 | 18.0 | 12.5 | 95.0 
Junelj soos ee 5.8] 5.4] 75 18 93 | 7.2 | 84.4 | 3.5 | 129 | 142 | 271 | 14.5 | 11.0] 47.4 
Jbkye esa eas 8.9 8.3 94 39 | 133 €23° |U1Grieoosss| 200 90 | 350 | 17.0) 11.5 | 74.3 

a Weight of seeded brush before curing. 
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The yield of good brush, the total yield, the length of the brush, 
and the percentage of good brush in the total yield vary widely be- 
tween the different dates of seeding in nearly all years. Good to 
excellent yields were obtained from one or more of the seedings each 
year, while those from other seedings were only fair to poor. In 
1914 the yield of the cured brush was obtained on one lot only. The 
other two lots were weighed green after thrashing and accidentally 
placed on the racks to cure without being properly labeled, which 
made later identification impossible. The season of 1915 was ex- 
ceptionally favorable throughout, which resulted in excellent yields 
from all the dates of seeding. The lowest yield in that year was 
700 pounds from the seeding made July 7 and the highest 895 
pounds from the seeding of June 19. In the variable season of 
1916 the yields ranged from 742 pounds from the May 1 seeding to 
only 350 pounds from the seeding made on June 1. In 1917 the 
highest yield was obtained from the seeding made on July 1, the 
next highest from the June 22 seeding, and the lowest yield from 
the early seeding, April 16. In 1918, the poorest crop season in the 
5-year period, the highest yield, 350 pounds, was from the seeding 
made July 1, while the lowest, 250 pounds, was made from the 
June 1 seeding. 

COMPARATIVE YIELDS IN THE DATE-OF-SEEDING EXPERIMENTS. 

Table X shows the annual and average acre yields of Acme broom 
corn in the date-of-seeding experiments. The seedings in the differ- 
ent years in some cases were not made on exactly the same date. 
These dates in some cases varied as much as five days. The result- 
ing yields are considered comparable and in this table are grouped 
accordingly. Therefore, seedings made on May 22 and 27, on June 
10 and 15, and on June 18 and 22 in different years are considered 
as representing the same dates of seeding. 

The annual yields of the good and the poor qualities are shown 
first. Then is given a 2-year average yield from the ‘plats on all 
dates used in that period, and then a 3-year average yield for the 
comparable dates in that period. It will be noted here that the 
lowest average yield in the 2-year period was from the seedings made 
on May 1 and that the average yields increased as the date of seed- 
ing advanced, reaching the maximum of 446 pounds of good brush 
from the July 1 seedings. In the 3-year period from 1916 to 1918, 
inclusive, the highest average yield of good brush, 450 pounds, was 
obtained from the July 1 seeding, while the second highest, 420 
pounds, was from the seedings made on May 1. 

These results indicate that the best times to sow are from about 
May 1 to 15 and from June 15 to July 1. August is usually dry 
and hot, and such weather has a bad effect on yield and quality of 
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brush if the crop is in the heading stage at that time. This may be 
avoided by seeding either early or late. 

TABLE X.—Annual and average acre yields of Acme broom corn in date-of- 
seeding experiments at the Woodward (Okla.) Field Station in the 5-year 

period from 1914 to 1918, inclusive, : 

Annual acre yields (pounds). Average yields. 

Date of re a '2 years, 1917/3 years, 1916 
seeding. aur 1915 1916 1087 TOES and 1918. to 1918. 

| | 

Good.) Poor.,|Good.} Pocr.|Good.|} Poor. Good.| Poor.|Good.| Poor. Good.) Poor.|Good.| Poor. 

aoe ells ee |e ee ome le ee | | aaa | 

SASOTIT DG che fon] ee ell es eee |e Se liege | rok Ale Bee as 275 68 | 286 57 | 280 62:8) 2eee ae erga 
Mai, en Cle Sees teens | eel amen een mee 717 25) |).-800-) “106% 193 50 | 272 78 | 420 60 
May l4and 15.) 305 CY bese) Le ee 556 7 | 450 81} 214 14) 332 47 | 407 34 
May 2202 Tt -|eeca cece 600}. 155 | 378 55 | 394 39 | 283 28 | 339 33 | 352 4l 
Dime tan GAs |e less ae le heel eee ee 328 22 |- 507 36 | 238 12 | 372 24 | 358 23 
JAMO todos sees ee 750 45 475 GS | Se sara ee ee 129 LAN ee ee [Secs etre 
June 1s toi22 26220 see... 875 20) 378 55 | 625 Ady |e eae ee Heecieers eee jie aigeed| A eee ee 
Afi by a9 rey (eacten tener Pee 630 70 457 57 633 50 260 90 | 446 70 450 66 

RATE-OF-SEEDING EXPERIMENTS. 

The rate-of-seeding experiments were conducted with Standard 
broom corn, C. I. No. 556, and Dwarf broom corn, C. I. No. 557, 
in the 5-year period from 1914 to 1918, inclusive. Both varieties 
were sown in each year at three rates, designated as thick, normal, 
and thin. These rates represent stands of approximately one plant 
to 4 inches of row space in the thick rates, to 7 inches in the nor- 
mal rate, and to 10 inches in the thin rate. All rows were spaced 3.5 
feet apart. The combined rate-of-seeding and spacing experiments 
with Acme broom corn, C. I. No. 243, have these same rates included. 
A discussion of these experiments follows later. 

The agronomic data from the rate-of-seeding experiments are. 

shown in Tables XI and XII. It will be seen in Table XI that 
the stand in each rate of seeding is not exactly the same for -both 
varieties the same year; neither is it the same for each rate in the 
different years. But the difference in the stands of the varieties in 
the same rates in any one year is so small that its influence on yields 
is considered negligible. 

The total growing period for the Standard broom corn in the 
different years ed from 94 days in 1914, the shortest time re- 
quired, to 132 days in 1917, the longest. For the Dwarf variety in 
these same years the time was 91 days and 117 days, respectively, 
which is 3 days less in the first year mentioned and 15 days less 
in the second. In each of the other three years the Standard gece 
from 6 to 11 days longer to mature than the Dwarf. 

In 1914 neither variety produced suckers. In 1915 none were 
produced in the thick or the normal rates of the Standard broom 
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corn, but the thin rate \produced 9.3 per cent, while in the Dwarf 
that year the proportion varied from 3.4 per cent in the thick to 
26.3 per cent in the thin rate. In 1916 suckers were produced in 
all rates in both varieties, though the number in the Standard was 
much smaller than in the Dwarf variety. In 1917 the Standard 
broom corn produced suckers in all three rates, but in the Dwarf they 
were present only in the normal and the thin rates. In 1918 there 
were no suckers in the Standard broom corn sown at the thick rate, 
but they were present in all three rates in the Dwarf variety. The 
tendency to sucker is present in both varieties, though to a larger 
degree in the Dwarf than in the Standard. The development of 
this tendency is influenced largely by environing condition. Stand 
is an important factor. Thin stands aid the development of suckers, 
while thick stands suppress them. 

The percentage of stalks headed varies in the plats sown at the 
different rates in the same year and in the same rates in the dif- 
ferent years. This is due in part to seasonal conditions and in 
part to the number of suckers produced. In the years when sucker- 
ing was reduced to the minimum, the percentage of headed stalks 
usually increased as the stand decreased. The reverse is true when 
the plants sucker profusely. This is so especially when the suckers 
are late and none of them produce heads. The rates of seeding 
used in this experiment appear to have had no appreciable effect 
on the height of the plants. 

The highest 5-year yields of good brush of the Standard variety 
were made in two years at the thick rate of seeding and in two 
years at the thin rate. The highest total yields of this variety were 
produced in two years at the thick rate and in three years at the 
normal rate of seeding. The Dwarf variety made the highest yields 
of good brush at the thick rate during three years, and in one year 
each at the normal and thin rates. In total brush produced, the 

_ thick rate led in two years and the other two rates each led in 
one year and tied in another year. 

The yield can not be considered the only factor in determining 
the proper rate of seeding. The length of the brush to be produced 
is also an important factor. Thick stands tend to produce short 
brush and thin stands long brush. The fiber may be of good quality 
but too short to be self-working, or it may be too long to be worked 
to good advantage without waste in making brooms of average 
length. Hurl brush that ranges from 18 to 22 inches works to 
best advantage in the manufacture of parlor and house brooms. 
Longer brush is required for heavy warehouse and street brooms. 
Short brush, ranging in length from 12 to 16 inches, is used for 
insides and for covers to some extent. 
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The length of the brush varies in most cases with the different rates 
of seeding in the same year, and it varies according to seasonal con- 
ditions with the same rate of seeding in the different years. In the 
Standard broom corn, the average length of the brush seeded at the 
thick rate ranged from 15.5 inches in 1918 to 21 inches in 1914, with 
an average length of 17.9 inches in the 5-year period. The length of 
the brush from the normal rate ranges from 18.5 inches in 1917 and 
1918 to 22 inches in each of the other three years, with an average 
length of 20.6 inches in the whole period. From the thin rate of 
seeding the brush length ranges from 18.5 inches in 1918 to 25 inches" 
in 1915 and average 21.5 inches in the entire period. 

The length of the brush in the Dwarf variety was influenced by 
the stand, as it was in the Standard broom corn, but not always to 
the same extent in the same year. The shortest length produced by 
this variety from the thick rate was 16.5 inches in 1917 and the 
longest 21 inches in 1914, with an average of 18.5 inches for the 
5-year period. The length of brush seeded at. the normal rate 
ranged from 15.5 inches in 1918 to 22 inches in 1915, with an average 
of 19.1 inches. From the thin rate the brush length ranged from 
17.5 inches in 1917 to 24 inches in 1914 and averaged 19.7 inches for 
the whole period. 

The percentage of good brush in the total brush produced varies 
with the stand and seasonal conditions. The good brush produced 
by the Standard variety at the thick rate of seeding ranged from 
64.2 per cent of the total in 1914 to 89.4 per cent in 1917, with an 
average of 77.5 per cent in the 5-year period. The production of 
good brush from seed sown at the normal rate ranged from 65.2 per 
cent in 1915 to 91.8 per cent in 1917, and averaged 82.5 per cent in 
the entire period. At the thin rate the lowest production was 42.7 
per cent in 1915 and the highest 89.7 per cent in 1918, with an average 
of 76.5 per cent. 

The Dwarf broom corn produced 68.4 per cent of good brush out 
of the total yield from the thick rate of seeding in 1914 and 84.6 per 
cent in 1916, with an average of 79.7 per cent in the 5-year period. 
From the normal rate of seeding, the lowest proportion, 76 per cent, 
was produced in 1915, and the highest, 91.4 per cent, in 1918, with 
an average of 80.8 per cent in the entire period. The lowest propor- 
tion of good brush from seed sown at the thin rate was 75.3 per cent. 
in 1917, and the highest was 93.3 per cent in 1918, with an average of 
84.7 per cent in the whole period. 
From the foregoing data it will be seen that no one rate led in the 

percentage of good brush produced in all years. The average yield 
of good brush from different rates of seeding during the whole period 
indicates which is the most profitable rate of seeding. In the Stand- 
ard broom corn, the highest average percentage of good brush in the. 
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5-year period was 82.5 per cent, which was produced from the normal 

rate. In the Dwarf variety, the average production of good brush 

increased from 79.7 per cent at the thick rate to 84.7 per cent at the 

thin rate. The average from the normal rate was 80.8 per cent. 

TABLE XI.—Agronomic data for Standard broom corn, C. I. No. 556, and Dwarf 
broom corn, C. I. No. 557, in rate-of-seeding experiments at the Woodward 
(Okla.) Field Station during the 5-year period from 1914 to 1918, inclusive. 
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Mintek ela ys 47 |77-| 17 | 04.120 65.8 | 7.0 | 150 | 90 | 240 | 18.0 | 13.0 | 64.2 
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oS ee oabuere 8.1] 81] 73] 18} 91] 0 76.1 | 4.0 | 300] 50 | 350 | 24.0 | 15.0 | 85.7 
1915, standard : 
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Normal. ....----.- 8.0 7.51 73 18] 91 6.6 | 86.1 | 7.0 | 367 38 | 405 | 22.0 | 15.0 | 90.4 
(otha bee eee eae ieee 9.3 8.5 72 19 91 8.4 | 90.3 | 6.8 | 385 40 | 425 | 20.0 | 15.0 | 90.6 
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| 

COMPARATIVE YIELDS IN THE RATE-OF-SEEDING EXPERIMENTS. 

The yield and the quality of the brush are influenced by seasonal 
conditions. No one rate of seeding, therefore, will prove best in all 
years. But as the season can not be foretold ‘the rate that gives the 
highest average yield in a series of years would appear to be the 
most. profitable. Table XII shows the annual and the average acre 
yields of both good and poor brush by both the Standard and Dwarf 
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broom corn in the 5-year period from 1914 to 1918, inclusive. It 
may be noted in this table that the highest yield of good brush from 
the Standard variety in any year was 538 pounds, produced by seed- 
ing at the thick rate in 1915, and the lowest yield was 125 pounds, 
from seed sown at the same rate in 1918. The annual yield from the 
normal rate of seeding in the five years exceeded that of the other 
rates in two years only, but the 5-year average yield of this rate is 381 
pounds. This is 18 pounds more than the average yield at the thick 
rate and 49 pounds more than the average yield from the thin rate 
in the 5-year period. The normal rate of seeding, or a stand of one 
plant to 6 or 8 inches of row space, appears to be the most profitable 
rate for a series of years. 
From the Dwarf variety the highest annual yield of good brush in 

the 5-year period was 667 pounds, which was produced by seed sown 
at the thick rate of 1915. The lowest yield, 130 pounds, was produced 
at this same rate of seeding in 1914. The normal rate produced a 
higher yield than either the thick or thin rates in only one year in the 
5-year period. However, the normal rate produced a fair yield each 
year and averaged 387 pounds in the 5-year period. This is 19 
pounds more than the average of the seeding at the thick rate and 
7 pounds more than the average yield at the thin rate in the 5-year 
period. From these results it will be seen that in a series of years, in- 
cluding both favorable and unfavorable seasons, the normal rate or 

a stand providing 6 to 8 inches of row space to the plant is the most 
profitable rate of seeding and the one that should be used for this 
variety under similar conditions. 

TABLE XII.—Annual and average acre yields of Standard and Dwarf broom 
corn in rate-of-seeding experiments at the Woodiward (Okla.) Field Station 
during the 5-year period from 1914 to 1918, inclusive. 

Annual acre yields (in pounds). Average 
yields 
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COMBINED RATE-OF-SEEDING AND SPACING EXPERIMENTS. 

The combined rate-of-seeding and spacing experiments were con- 
te) fa) 

ducted with Aeme broom corn and consist of different rates of seed- 
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ing, different numbers of plants in the hills, and different spacing 
of the rows, either 3.5 or 7 feet apart. The object of these experi- 
ments was to determine the reaction of the crop to these different 
environing conditions. The first section of these experiments con- 
sisted of six plats each year during the 5-year period from 1914 to 
1918, inclusive, except in 1916, when there were five plats only. The 
rows in these plats were spaced 3.5 feet apart, with only one plant 
in each hill, but with the hills spaced at different distances. KEach 
plat each year, therefore, represented a different rate of seeding. 

The second section of these experiments consisted of the same 
number of plats at the same rates each year with the rows spaced 
the same distance apart (8.5 feet) as in the first part, but each hill 
contained two plants instead of one. These hills occupied twice as 
much row space per hill as those in the corresponding rate in the 
first section of the experiments, so that the space per plant was 
the same for each plat as for the corresponding plat in the first 
section. - 

The third section of these experiments differs from the first and 
second sections in its duration, in the number of rates of seeding and 
the spacing represented, and in the grouping of the plants in the 
hills. The experiments were conducted only during the last three 
years, 1916 to 1918, inclusive. The plants are grouped four in each 
hill. The two rates of seeding or of spacing hills employed cor- 
respond to two of the rates previously described. 

The fourth and last section of these experiments contains the same 
number of plats sown at the same rates each year as were included 
in either the first or second section. It differs from them in the 
spacing of the rows, which are 7 feet apart, and in the hills, which 
contain one plant only but are twice as thick in the row as in 
either of the other plats sown at the same rate but with the rows 
spaced 3.5 feet apart. 

ONE PLANT PER HILL, ROWS 3.5 FEET APART. 

Table XIII shows the agronomic data obtained from the first sec- 
tion of the rate-of-seeding and spacing experiments. It will be noted 
in this table that in 1914 the stand varied from 2.8 inches of row 
space per hill or plant at the thickest rate to 10.5 inches at the thinnest 
rate. The thickest rate in 1915 was one plant to 3.6 inches of row 
space and the thinnest rate one plant to 13.5 inches of row space. 
In 1916 there were five rates only. The thickest rate that year was 
one plant to 4.5 inches of row space and the thinnest rate 18.1 inches 
of row space to the plant. Six rates of seeding were used in 1917. 
The thickest stand in that year was 3 inches of row space to the hill 
and the thinnest 19.3 inches of row space, with four rates between 
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these extremes. In 1918 the stands from all six rates were identical 

with those of the previous year. 
The rate at which the crop was sown appears to have had no in- 

fluence on either the vegetative or fruiting periods under normal or 
favorable growing conditions, such as obtained in the years 1914 
and 1915. In these years both periods were the same for all the 
rates. In the less favorable seasons of 1916, 1917, and 1918 some 
differences are shown in the length of both the vegetative and fruit- 
ing periods. But these differences are not altogether consistent with 
the rates of seeding. In some cases the plants sown at the thick rates 
required a longer time in the vegetative period than those at the 
thinner rates, but in others the reverse is true. This may be due in 
part to the larger percentage of suckers produced at thin rates. 
The suckers are later than the main stalks, and if they produce heads, 
which is not unusual, both the vegetative and fruiting periods may be 
prolonged. 

In 1914 no suckers were produced. In the other years their pro- 
duction at the different rates of seeding increased as the stands de- 
creased, though the percentage in the same rates differed in these 
years. It was usually highest in the years with seasons most favor- 
able to suckers. 

There is no apparent correlation between the percentage of headed 
stalks and the stand. The percentage of stalks headed varies at the 
different rates in the same year and at the same rates in the different 
years, but the variations are not consistent with the rates in either 
case. | 

In 1914 the average height of the stalks ranged from 4.3 feet in 
two of the thicker rates to only 4 feet in the thinner rates. In 1915 
the average height, 5.8 feet, was the same in all rates. In 1916 the 
height of the plants in the thickest and thinnest rates averaged 4 feet 

only, while the average for two of the intermediate rates was 4.5 
feet and 4.3 feet for another rate. In 1917 the stalks averaged high- 
est in the thicker rates and lowest in the intermediate rates, with a 

noticeable increase in height again in the thinnest rate. The lowest 
average height, 3.3 feet, in 1918, was in the thickest rate, and the 
highest average, 4 feet, was in the fifth rate, with a slight decline in 
the thinnest rate. Jt appears that the effect of the rate of seeding 
on the height of the stalks is dependent upon seasonal conditions. 
When the moisture is sufficient to promote normal growth in the early 
part of the vegetative period the thick rates produce the taller stalks, 
and the reverse is true when there is a lack of moisture at that stage 
of growth. 

The yield per acre is shown in pounds: (1) That of good brush, 
(2) that of poor brush, and (8) the total yield of all brush, which 
is the combined yields of the good and poor qualities. The yields 
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from sowings at different rates in the same year and from the same 
rates in different years are not alike, owing primarily to seasonal 
conditions. It is interesting to note, however, that the highest yield 
was produced by seedings at the intermediate rates in three years 
of the 5-year period. The thickest rate outyielded all others in 1917, 
when there was 7 inches of rainfall in August, and the thinnest rate: 

ranked first in 1918, when the rainfall in August amounted to 0.7 of 
an inch only. These are the extreme rates of seeding and they can 
give best results only under extreme seasonal conditions. 

The stand has an influence on the length of the brush. Thick 
stands tend to produce short brush, and thin stands long brush. The 
difference between the length of the brush produced by the thickest 
and the thinnest stands in the 5-year period ranges from 6 inches in 
1914 to 2 inches in each of the years 1915 and 1917. In 1916 it was 3 
inches, and in 1918 there was a difference of 5 inches. 

TABLE NIII.—Agronomic daia for Acme broom corn in the combined rate-of- 
seeding and spacing experiments at the Woodward (Okia.) Field Station 
during the 5-year period from 1914 to 1918, inclusive. 

[One plant in each hill; rows spaced 3.5 feet apart.] 
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MONG Meee eae so eee 4 9.1 U4 1 14 85 | 19.3 | 90.5 | 4.5 | 480 | 75 | 555 | 23.5 | 18.0 | 86.5 
1223 7.8 71 14 85 | 36.9 | 89.1 | 4.3 | 415 90 | 505 | 20.0 | 16.5 | 82.2 

; 18.1 9.3 71 12 83 | 48.4 | 86.0 | 4.0 | 295 | 120 | 415 | 23.5 | 16.5 | 71.1 

3-0} 2.9 | 94 26 | 120 1.6 | 92.6 | 5.5 | 425 | 105 | 530 | 13.5 | 13.0 | 80.2 
4.9 4.3 98 223Al205 F131 90526 \05: 542380) 20,1500.) 15.5 -113-.50 | Wb -2 

ova 6.7] 5.5] 99] 18 | 117 | 16.3 | 91.1] 5 0| 350] 90 | 440 | 16.5 | 13.5 | 79.5 
aaa res MI ttn a 10.7 | 63 80 | 29 | 109 | 41 5 | 79.3 | 4.0) 290 | 55 | 345 | 15.5 | 14.5 | 84.1 

_|{12.0 63] 80] 28] 108 | 47.5 | 78.6 | 4.3 | 295 55 | 350 | 16.0 | 14.5 | 84.3 
19.3 8.3 82 85 | 117 | 57.3 | 92.8 | 4.8 | 330 65 | 395 | 15.5 | 14.0 | 82.2 

1{ 3-1 ond 76 30 | 106 0 16.6 | 33 0) aa} 83 | 15.5 | 12.5 | 60.0 
i148 Alea 20) |) ROfal esol Gleb 3: SaletQ0sl 84214: |sd ye ob: \lONd: 1683: 3 

1918 7.2 | 6.2) 77} 20] 97 | 14.6} 84.1 | 35 | 281] 38] 319 | 18.0 | 13.0] 88.2 
layne i WRT Fk: 10.0] 7.6} 80 17 OfeleZorSul one axon |e2o0 25 | 260 | 17.5 | 11.5 | 90.4 

)}12.2 7.8 74 10 84 | 36 1 | 67.8 | 4.0 | 257 43 | 300'| 19-5 | 15.5 | 85.7 
19.3 | 8.4 75 9 | 84 | 56.4 | 75.9 | 3.8 | 288 37 | 325 | 20.5 | 16.0 | 88.5 

| | 1 | 
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The annual yields of brush are shown in Table XIV, together 

with 3-year and 5-year averages, so that comparisons may be made 
readily between the yields from different rates. These same data 
are shown again in Table XXI with similar data regarding other 
methods of spacing, for comparison between methods. Those rates 
which are comparable for at least three years are shown in Table 
XIV. Rates that did not differ more than 1 inch in row space per 
hill in the different years are treated as one rate of seeding. The 
same is true of the 6 to 7 inch and the 9 to 10 inch stands. The 11 
to 14 inch stands are grouped as one rate also, though they cover 
a larger difference (3 inches) in row space per hill. 

TABLE XIV.—Annual and average acre yields of Acme broon corn in the com- 

bined rate-of-seeding and spacing experiments at the Woodward (Okla.) Field 
Station during periods of varying length in the 5-year period from 1914 to 
1918, inclusive. 

[One plant in each hill; rows spaced 3.5 feet apart.] 

Annual acre yields (pounds). Average yields. 

3 years, 1916) 5 years, 1914 Distance Fe ain 
1914 1915 1916 1917 1918 to 1918. to 1918. 

between hills. 

|Good.} Poor. Good. Poor.|Good.) Poor.|Good., Poor. Good.} Poor.|Good.| Poor.|Good.) Poor. 

4 to 5inches...} 215 90 | 775 87 | 405 65 | 380} 125} 180 34 | 332 75 | 391 80 
6 to7inches...| 305 60} 685) 110] 531 44 | 350 90 | 281 38 | 387 57 | 430 68 
9to10inches..| 250 20) 599 75} 480 75 } 290 55 | 235 25 | 335 52 ¢ 369 50 
11 tol4inches.} 280 10 | 735 TO} 415 90 | 295 55 | 257 43 |. 322 63 | 396 54 
18 -bolOinchese| 22. | S22) son ee pease 295 | 1201} 330 65 | 288 37 | 304 (ED lSpomsa Seance 

The highest annual yield of good brush produced in the 5-year pe- 
riod was 775 pounds from the 4 to 5 inch rate in 1915, and the lowest 
annual yield was 180 pounds from this same rate in 1918. Here it is 
seen that the rate which yields highest in a favorable season yields 
lowest in an unfavorable one. Therefore, the most profitable rate is 
one that makes fair to good yields each year and a fair average yield 
in a series of years. The highest average yield in both the 3-year 
and the 5-year periods was made by the 6 to 7 inch rate. This rate 
averaged 387 pounds of good brush in the 3-year period from 1916 
to 1918, inclusive, or 52 pounds more than its nearest competitor. In 
the 5-year period, from 1914 to 1918, inclusive, the 6 to 7 inch rate 
averaged 430 pounds of good brush. The next highest was 396 
pounds from the 11 to 14 inch rate, or 84 pounds less. 

TWO PLANTS PER HILL, ROWS 3.5 FEET APART. 

Table XV shows the agronomic data from rows spaced 3.5 feet 
apart with plants grouped two in each hill in the rate-of-seeding and 
spacing experiments. In this second section of the experiments each 

hill contains two plants instead of one, and the hills occupy twice the 
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row space at the same rate of seeding as they do in the first section. 
The reaction of the crop under these two methods is quite similar 
in many ways. While the number of suckers produced increased as 
the stands decreased, the total percentage of suckers developed under 
this method is approximately one-third less than developed when the 
other method of spacing the plants was used. This should tend 
naturally to increase the percentage of headed stalks, but it is not 
in proportion to the decrease in the production of suckers. The in- 
crease in headed stalks amounts to 5 per cent only, and the decrease 
in suckers amounts to 35 per cent. 

In yield, quality, and length of brush, the reaction of the crop to 
this method of spacing the hills and plants is quite similar to that 
of the first method discussed. The response of the crop at the differ- 
ent rates varies with seasonal conditions. The thicker stands usually 
outyield the other rates in favorable seasons, and the thinner stands 
give the best results in dry years. At the intermediate rates fair to 
good yields of good-quality brush are produced in all seasons. 

Taste XV.—Agronomic data for Acme broom corn in the combined rate-of- 
seeding and spacing experiments at the Woodward (Okla.) Field Station 
during the 5-year period from 1914 to 1918, inclusive. 

[Iwo plants in each hill; rows snaced 3.5 feet apart.] 

8 rs bo) 
Row space | Length of pe- | Percentage | 8 % Pee ush peneth of 3 
(inches). riod (days). or en (pounds). ~ | (inches). Sa 

n> o 
Year. aes ; og —] 3 

E 1 ' n Lo} SS #212 peal eee GS eee Ie he take es cl ee : ; ets a ae Se} h)| BS 4 ote les Z A 3 = re 5 Se |g (Sel-8\ 5) 9 (Sets | 818 |e | 3s 15 
Pel ee es tle cone 1 Ee eS a a ee ee |e aay 

6.6 | 6.6} 73] 17} 90} O 71.3 | 4.3 | 225} 60] 285 | 18.0] 14.0 | 79.9 
8.2] 8.2) 7. 17] 90} 0 75.6 | 4.3 } 260 | 100} 350 | 18.0 | 15.0 | 71.4 

1914 11.6 | 11.6] 73) 17} 90] O 79.6 | 4.0} 275 | 60] 335 | 20.0 | 15.0 | 82.1 
Sie BO rea ot ee 17.8 | 17.8] 73} 17] 90] 0 84.3 | 4.0] 365 | 20] 385 | 24.0} 15.0 | 95.1 

20.0 | 20.0) 73] 17] 90] 90 83.1] 4.0} 265 | 25 | 295 | 22.0) 16.0 | 91.4 
23.0 | 23.0} 73] 17) 90} O | 86.1] 4.0] 340] 10] 350 | 24.0] 15.0 | 97.1 

2 7.6} 7.6] 75 | 16] 91) 0 80.8 | 5.8 | 710 | 160 | 870 | 21.0} 19.0 | 81.6 
10.6} 5.0) 75] 16) 91) 6.0} 91.71 5.8 | 735 | 105 | 840 | 22.0 | 20.0] 87.5 

1915 11.6) 5.5) 75 | 16} 91] 4.7 | 92.8 | 5.8 | 670 | 135 |} 805 | 22.0 | 20.0 | 83.2 
SOT ie ee VES ete 17.0] 7.3] 75] 16} 91 | 14.0] 91.4] 5.8 | 600] 90] 690 | 24.0] 22.0] 87.0 

19.4} 6.2] 75} 16] 91 | 36.1 | 91.7] 5.8 | 695 | 80] 775 | 24.0] 22.0] 89.7 
28.0] 8.0] 75) 16) 91 | 43.2 | 97.1] 5.8 | 580] 45 | 625°) 26.0 | 24.0} 92.8 

9.6] 4.7] 73) 14] 87] 2.0] 85.7] 4.3 472 | 39] 511 | 19.5 | 13.0 | 82.6 
3.2} 6.0] 71] 16] 87] 9.7 | 89.8] 4.5 | 556} 50] 606 | 24.0 | 22.0] 91.7 

UQUGE eee eeeeeee = Snes 418.4) 7.8] 71] 14] 85] 14.8] 91.3] 4.5 |] 5114 44 | 555 | 20.5 | 18.0] 92.0 
25.0} 8.8] 71} 14] 85 | 29.7 | 92.9} 4.3 | 400} 100 | 500} 23.0] 17.5 | 80.0 
33.2 | 13.6] 71] 12} 83 | 22.41 92.0] 4.3 | 305 | 56! 361 | 22.5 | 19.0] 84.6 

6.0) 6.0] 96] 24) 120} 0 87.0] 5.5 | 405 | 100 | 505 | 14.5 | 12.5 | 80.2 
9.8) 4.4] 101 | 19 | 120} 10.9 | 92.2] 5.0 | 428 | 50] 478 | 16.0 | 13.5 | 89.5 

1917 13.4} 6.0] 99} 18] 117 | 10.5 | 92.8] 5.5 | 330 | 122 | 422 | 16.5 | 13.5 | 71.1 
amine een hal ee a 21.4) 8.3] 80) 29 | 109} 22.6 | 85.5 | 4.0] 228] 45 | 273 | 15.0] 13.0] 83.7 

23.8) 8.5} 80] 28 | 108 | 28.7 | 88.2] 4.0] 289] 39 | 328 | 16.5 | 14.5 | 88.1 
41.4 | 12.5} 80} 28 | 108 | 40.3 | 89.0] 4.0} 211 | 22 | 233 | 18.0] 15.0] 90.5 

6.2] 6.2] 76] 30) 106} 0 | 21.8) 3.5] 67] 39 | 106 | 16.5 | 13.0} 61.6 
9.5) 9.3] 77) 20) 97) 2.9] 65.0] 8.5 | 186 | 64 | 250 | 18.0} 13.5 | 74.3 

1918 14.4) 13.6] 77] 20] 97] 5.3 | 86.7] 3.8 | 271] 29 | 300] 16.5 | 11.0] 90.5 
Sai toise aya oe eee 19.9 | 17.3 | 80} 17] 97 | 13.4 | 78.7] 3.5 | 200] 22 | 222 | 16.5 | 10.5 | 90.0 

24.3) 19.5) 7 10] 84] 19.8 | 82.5 | 4.0 | 343 | 14 | 357 | 22.5 | 18.0} 96.0 
(86.1 | 25.1} 72] 12] 84 | 30.0] 87.2} 4.0] 30 21 | 321 | 22.5 | 17.0 | 93.0 
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Table XVI shows both the annual and the average acre yields at 
the rates of seeding specified in Table XV, so far as they are com- 
parable for either the 3-year period from 1916 to 1918, inclusive, or 
for the 5-year period from 1914 to 1918, inclusive. The highest 
annual acre yield of good brush produced at any rate was 710 pounds, 
which was from the thick rate or a stand of 8 to 10 inches of row 
space to the hill in 1915. The lowest acre yield, 186 pounds, was 
produced at this same rate in 1918. The highest average yield in 
both the 3-year and 5-year periods was produced at the rate of seed- 
ing with a stand ranging from 12 to 14 inches of row space to the 
hill. This is approximately the same rate per acre as one plant to the 
hill with hills spaced 6 to 7 inches apart in the row, which gave the 
highest average under the first method discussed. The differences 
between the 5-year average acre yields given in Table XVI are 
within the limits of experimental error. For a comparison between 

the methods, the data contained in Table XVI are repeated in Table 
XXI. 

TABLE XNVI.—Annual and average acre yields of Aeme broom corn in the com- 
bined rate-of-seeding and spacing experiments at the Woodward (Okla.) 
Field Station during periods of varying length im the five years from 1914 

to 1918, inclusive. 

[Two plants in cach hill; rows spaced 3.5 fect apart.] 

Annual acre yields (pounds). Average yields. 

Distance | = 3 years, 1916| 5 years, 1914 petereent nilles | 1914 1915 1916 1917 1918 to 1918. to 1918. : 

Good.| Poor.|Good.) Poor.|Good.| Poor.|Good.) Poor.|Good.| Poor.|Good.} Poor. Good.|} Poor. 

8tol10inches.} 250} 100; 710}; 160} 472 39 | 428 50} 186 64} 362 51 | 409 &3 
12 to 14inches.} 275 60} 670) 1385} 556 50} 300) 122] 271 29 | 376 67} 414 79 
18 to 2linches.| 365 20} 695 80] 511 44) 223 45 | 200 22 | 3813 37 | 400 42 
23 to 28inches.| 340 10 | _580 45 | 400] 100] 289 39} 343 14} 344 51 | 390 42 
33 LOAMIN CH OSE leance se le sane ol smite seeeie 305 56] 211 22} 300 21) 272 Dos|eosnesieesces 

FOUR PLANTS PER HILL, ROWS 3.5 FEET APART. 

Table XVII shows the agronomic data in the third section of the 
combined rate-of-seeding and spacing experiments, in which the 
plants were grouped four in each hill in rows spaced 3.5 feet apart. 
This method of spacing has been in use three years, from 1916 to 
1918, inclusive, and only two rates were sown each year. In the 
first or thick rate, the hills varied in row space from 17.6 inches 
in 1916 to 19.6 inches in 1917. This rate represents approximately 
the same number of plants per acre as the rate with one plant each in 
hills spaced from 4 to 5 inches apart in the row, which was con- 
sidered under the first method of spacing used in these experiments. 
The second or thinner rate in this method required a row space per 
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hill varying from 26.8 inches in 1917 to 28.8 inches in 1918, which 
is equivalent to one plant each in hills spaced approximately 7 inches 
apart in the row. | | 

TABLE XVII.—Agrononic data for Acme broom corn in the combined rate-of- 
se2ding and spacing experiments at the Woodward (Okla.) Field Station 
during the 3-year period from 1916 to 1918, inclusive. 

[Four plants in each hill; rows spaced 3.5 feet apart.] 

2 cS) 
Row space | Length of pe- | Percentase q x telclot bush Tenet f 3 
(inches). riod (days). of— a. ‘pounds). (inches). Se 

> HD oO 

Year. 1 a s °3 gz 
: 8 : , q yw . ga 

ae| Bo1eelss| gi 8 fee le td lle | so | es 18 
Be epost PS es ia |e Sis ts 8 ie 
fant Ih Gece SS Ue a ee heen, ee A Wom A pe et fe ate ah fo a 

1916 17.6 4.1 73 14 87 | 6.3 | 87.7 | 4.3 | 525 65 |} 590 | 20.0 | 17.5 | 89.0 
CREAR EER AGO irre 28.4 6.4 71 16 87 9.9 | 90.2 | 4:5 | 480 | 50 | 530 | 23.0 | 18.5 | 90.6 

1917 19.6 Aa. 99 | 21) 120 4.0 | 94.0 | 5.3 | 469] 25 | 494 | 15.5 | 12.0 | 94.9 
Rea ara ea ater A /\\26.8 | 6.5 95 21/116) 3.5 | 96.7 | 5.0-) 372 72 | 444 | 16.5 | 13.5 | 83.8 

1918 19.1 | 18.9 ets 20 97 1.6 | 75.3 | 3.8 | 256 38 | 294 | 15.5 | 10:5 | 87.2 
Fp ety ho er ea ae 28.8 | 28.4 75 22 97 1.3 | 85.3 | 3.5 | 242 29 | 271 | 18.0 | 12.5 | 89.5 

The reaction of the crop to this method of grouping the plants 
appears to be about the same as to the other methods previously con- 
sidered with regard to the vegetative, fruiting, and total growing 
periods. A small percentage of suckers was produced at both rates 
each year, but the average percentage in either rate is much smaller 
than that of the corresponding rates with single plants in each hill; 
at the thinner rate a higher percentage of headed stalks was pro- 
duced each year than at the thick rate, but the highest yield of both 
good brush and total brush was obtained at the thick rate in all 
three years. The thinner rate produced the longest average length 
of brush each year. The annual and 3-year average acre yields are 
shown in Table XVIII, where comparisons are readily made between 
these two rates, and these same data are shown again in Table XXT, 
where comparisons with other methods of spacing are made. 

TABLE XVIII.—Annual and average acre yields of Acme broom corn in the com- 
bined rate-of-seeding and spacing experiments at the Woodward (Okla.) 
Field Station during the 3-year period from 1916 to 1918, inclusive. 

[Four plants in each hill; rows spaced 3.5 feet apart. | 

Annual ecre yields (pounds). A ‘eld 
Average yieids 
for the 3 years 
1916 to 1918. Distance between hills. 1916 1917 1918 

Good..| Poor. | Good. | Poor. | Good. | Poor. | Good. Poor. 

.6 to 19.6 inches.......-.-.----- 525 65 469 25 256 38 : 417 
8 to 28.8inches.......--..--.-. 480 50} 372 72 | 242 29 365 
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ONE PLANT PER HILL, ROWS 7 FEET APART. 

Table XIX shows the agronomic data from the fourth section of 

the rate-of-seeding and spacing experiments, in which the hills con- 
tained one plant each and the rows were spaced 7 feet apart. This 
method has been used in the 5-year period from 1914 to 1918, in- 
clusive. It contained six rates of seeding each year except in 1915, 
when there were only five rates. These rates in most cases are di- 
rectly comparable with those in the first and second methods con- 
sidered and shown in Tables XIII and XV, respectively. The total - 
number of plants to the acre is approximately the same at any given 
rate in all three methods, but they are grouped differently in the rows. 
In this fourth method the plants stand twice as thick in the rows, 
but the rows are twice as far apart. 

In 1914 the sowings at the six rates presented stands varying in 
row space per hill or plant from 2.1 inches at the thickest rate to 
6.3 inches at the thinnest rate. This was a difference of 4.2 inches 
of row space per hill between the extreme rates. In 1915 the thick- 
est rate had 2.8 inches of row space to the hill and the thinnest rate 
8.1 inches, which was a difference of 5.5 inches between these ex- 
tremes. There were five rates only in 1915. These represent the 
extreme rates used in the previous year, but omit one of the inter- 
mediate rates. The six rates used in 1917 and in 1918 are approxi- 
mately the same. 

The crop shows no effect on growth on account of the different 
rates of seeding in this method of spacing the rows under normal — 
seasonal conditions, such as existed in 1914 and 1915. In unfavorable 
dry seasons, growth was slower at the thick rates than at the thinner 
ones, which prolongs the vegetative and total growing periods. 
This was the case in 1917 and 1918, when more time was required to 
mature by the crop sown at the thick rates than at the thin rates. 

The influence the stand has on the production of suckers is illus- 
trated again by this method of spacing the rows and plants. It ap- 
pears that a stand of about 2 inches of row space to the plant prac- 
tically eliminates suckering, even in years when conditions are favor- 
able to their growth. The percentage of suckers increases as the 
stand decreases in all the methods of spacing the plants. 

The thin rates in rows spaced 7 feet apart developed a much 
larger percentage of suckers than was developed in rows spaced 3.5 
feet apart having the same number of plants in the row. The stand 
with 6 inches of row space to the plant in rows spaced 7 feet apart 
produced an average of 18.3 per cent of suckers in the 4-year period 
from 1915 to 1918, inclusive, while the 6-inch stand in the rows spaced 
3.5 feet apart produced an average of 11.8 per cent. The 9-inch 

stand in the rows spaced 7 feet apart produced an average of 37.7 
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per cent of suckers, and in the rows spaced 3.5 feet apart the average 
was only 27.1 per cent during the same period. However, when the 
same numbers of plants to the acre are grown in rows spaced 3.5 feet 
apart and in rows spaced 7 feet apart, the percentage of suckers de- 
veloped in the rows 3.5 feet apart is materially larger than in the 
rows 7 feet apart, in which there are twice as many plants to the 
row. The comparison is made quickly by dividing by 2 the first 
percentage in each pair given above. 

The average percentage of stalks headed is shghtly higher in this 
case than when the method of spacing the rows 3.5 feet apart was 
used. The height of the plants also averages greater in most of the 
years when the rows are spaced 7 feet apart. 

TApre XIX.—Agronomic data for Acme broom corn in the combined rate-of- 
seeding and spacing experiments at the Woodward (Okla.) Field Station 
during the 5-year period from 1914 to 1918, inclusive. 

[One plant in each hill; rows spaced 7 feet apart.] 

B |v: og 
Row space | Length of per- | Percentace| = | »i¢ld ofbrush vengtn 8 3 
(inches). iod (days). |  of— A Die ag AS Deals eo Be (pounds). (inches). |S . 

Year o38| ] Ee — | j . ay | or 

a ,|2 x \% 2V yer: 
Bel deals Sl seo led | etree ley Perales fea lode || ahs 
a eee remiss o OS bor oulss [Soles | S45 
3 2 [7 & Hl} a Bele S| ISI G BS 1s 

edb || ARI B31 (eth ee fest) 74.8 | 4.5 | 155 | 130 | 285 | 18:0 | 15.0 | 53.7 
|] 2-8] 2.8) 73 17 | -90'}- 0 81.0 | 4.5 | 275 | 30 | 305 | 20.0 | 15.0 | 90.2 

1914 Da2ul bao neko 17} 90}; 0 78.5 | 4.3 | 250] 30} 280 | 20.0 | 15.0] 89.3 
age resi ei ns Aysted|leorsete| lew 17| 90} 0O 81.5 | 4.3 | 205 | - 40 | 245 | 20.0 | 15.0} 83.7 

4.9} 4.9] 73 17} 90} 0 88.0 | 4.3 | 225 | 25 | 250 | 23.0] 15.0 | 90.0 
6.3 | 6.3 73 17}; 90] 0 94.2 | 4.3 | 310 | 15 | 325 | 24.0 | 17.0 | 95.4 

258) |ie22Ou|penko 16| 91] 0 90.1] 5.8 | 57 85 | 655 | 20.0 | 18.0 7.0 
BETh elt |r) 16; 91! O 96.7 | 5.8 | 530 | 80 | 610 | 23.0 | 21.0 | 86.9 

1915 Jro=25| Sos 2e{earo 16; 91) O 90.0 | 5.8 | 390 | 50 | 440 | 24.0 | 22.0 / 88.6 
BPS Orly TN acta 5-4 | 523 75 16} 91 1.5 | 91.6 | 5.8 | 485 | 60 | 545 | 24.0 | 22.0 | 89.0 

f 6:23] 25549)—75 16 | 91 | 14.4 | 99.4 | 5.8 | 463 | 37 | 500 | 25.0 | 23.0 | 92.5 
Sule osteo 16} 91 | 36.7 | 93.1 | 5.8 | 465 | 25 | 490 | 26.0 | 24.0 | 94.9 

\{ 2-6] 2.6] 73 14 87 | 0 84.7 | 5.0 | 456 38 | 494 | 20.5 | 14.5 | 92.4 
Safa | eos med: 16} 87 | 2.1) 91.4 | 4.8] 438] 50 | 488 | 23.0} 18.5 | 89.7 

ID IGH ae orso sa ae on oon 4, 4.6] 4.3 71 144} 8 | 4.8] 91.6 | 5.0 | 400| 44 | 444 | 23.0} 16.0 | 90.1 
6.4} 5.1) 7 14} 85 | 20.0 | 93.9 | 4.8 | 363 75 | 438 | 25.5 | 16.5 | 82.9 
OF2):|oalale al 12! 8 | 38.0 | 91.0 | 4.8 | 300 | 87 | 387 | 24.0 | 16.5*) 80.0 

AD 1.5] 96] 24] 120) 0 73.6 | 5.5 | 130 | 210 | 340 | 15.0 | 13.0 | 38.2 
2.5] 2.4] 94| 26) 120} 1.0} 92.4 | 5.5 | 325 81 | 406 | 16.0 | 13.5 | 80.0 

1917 3.4] 3.2] 87] 29] 116) 5.0] 94.2 | 5.5 | 312 | 106 | 418 | 17.0 | 14.0} 74.6 
Sete eten ee eer 5.4 4.8} 78| 31] 109 | 10.4 | 93.1 | 4.5 | 244 | 50 | 294 | 16.0 | 12.5-| 83.0 

6.0] 4.8] -78} 30) 108 | 20.5 | 87.1 | 4.5 | 23 32 | 263 | 15.0 | 13.0 | 88.1 
—— ( 9-7] 5.3] 78} 30| 108 | 45.0 | 82.9 | 4.5 | 220| 25 | 245 | 17.5 | 15.0 | 89.8 

tele Gilets Ola COR Pets 19%.1— 0 78.2 | 3.8 | 155 | 110 | 265 | 17.0} 11.5 | 58.5 
3.1} 3.1 73 11 &% | O 72.0 | 4.3 | 294 | 37 | 331 | 20.0} 15.0 | 88.7 

1918 3.6] 3.6] 73 11| | 0 67.4 | 4.3 | 238] 37 | 275 | 20.5 | 14.5 | 86.4 
atime n OE Se NaS | 5.0] 4.6] 73 15 | 88 | 8.3] 75.2 | 4.0 | 134 41 | 175 | 19.0 | 15.5 | 76.8 

6.0] 4.9] 73 11 84 j 18.4 | 80.6 | 4.5 | 325 | 25 | 350 | 21.0 | 16.5 | 92.9 
9.2} 6.3 i) 9| 8 | 81.2 | 78.0} 4.3 | 256 13 | 269 | 21-5 | 16.5 | 95.4 

The reaction of the crop, as shown by yield of brush with this 
method of spacing, is quite similar to that in the case of the methods 
already discussed. Under favorable growing conditions the thicker 
rates give the highest yields, and in less favorable and poor seasons 
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the thinner stands outyield the others. It is necessary, therefore, to 
study the average yields for a period of years in order to determine 
the most profitable rate of seeding and spacing. 

The annual and average acre viele are shown in Table XX. It. 
will be noted in this table that rates which show a slight variation 
in row space per hill in the different years are considered comparable 
and treated as a single rate. Five rates -are presented here. The 
lowest annual acre yield of good brush was 134 pounds, made at the © 
4 to 5 inch rate in 1918, and the highest yield was 570 pounds, made 
with the 2 to 3 inch spacing in 1915. This spacing made the best 
yield in four out of the five years and gave the highest average in 
both the 3-year and the 5-year periods. The next highest average in 
both these periods was from the spacing varying from 3.4 to 3.8 
inches. The lowest 5-year average yield was with the 4 to 5 inch 
spacing, and this rate tied with the 8 to 10 inch spacing for low yield 
in the 3-year period. 

Taste XN.—Annual and average acre yields of Acme broom corn in the com- 
bined rate-of-seeding and spacing experiments at the Woodward (Okla.) 
Field Station during periods of varying length in the five years from gett to 

1918, inclusive. 

{One plant in each hill; rows spaced 7 feet apart.] 

Annual acre yield (pounds). | Average yield. 

| 
| 

Distance | 168i o | ONbe <) ea0T 4 eee 1918 |3 years, 1916) 5 years, 1914 
between hills. | to 1918. to 1918. 

| | te | fl 
Good. Poor. Good., Poor.|Good.} Poor.|Good.} Poor.|Good.| Poor.|Good.| Poor.|Good., Poor. 
| | | | ip | 

2to8inches...| 275 | 30} 37 85 | 456 38 | 325 81 | 294 | 37 | 358 52 | 384 | 54 
3.4to3.8inches| 205 40 | 530 80} 438 50] 312} 106] 238] 37] 329 64 | 345 | 63 
4.6to5.4inches| 225 25 | 390 50} 400 44 | 244 50] 134 41 | 259 45 | 279 42 
6 to 6.4 inches.| 310 15 | 463 37 | 363 75 | 231 32 | 3795] 25) 306 44 | 338 37 
8:to LOGmches_-|223. 2: erga | 465 25 | 300 87 | 220 25 | 256 | 13 | 259 Base. Salas 

| | | 

COMPARATIVE YIELDS FROM ALL METHODS OF SPACING. 

In Table XXI all comparable rates of seeding in the different 
methods of spacing used in these experiments are presented, so that 
comparisons may be made easily between the annual and average 
acre yields from ali methods of spacing. Five different rates are 
represented here, and these are distributed into five groups, each one 
containing different combinations having the same number of plants 
per acre. Data given for each group are the distance between the 
rows in feet, the row space to the hill in inches, the number of plants 
in each hill, and the annual and average acre yield for each method © 
of spacing. 

Group A contains the data for the thick rate in each method of 
spacing. This rate represents an average of approximately one 
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plant to 4.5 inches of row space in rows 3.5 feet apart and of one 
plant to each 2 or 3 inches where the rows were 7 feet apart, or 
35,200 plants to the acre. The highest annual yield of good brush, 
775 pounds, at this rate was made in 1915, by method 1, with 
rows spaced 3.5 feet apart and one plant in each hill. This method 
also made the lowest yield, 180 pounds, in 1918. It has the lowest. 
average yield in the 3-year period from 1916 to 1918, inclusive, and 
ranks second in the 5-year period from 1914 to 1918, inclusive. The 
highest average yield in the 3-year period was obtained by the use 
of the method of grouping four plants in each hill in rows 3.5 feet 
apart. This method was employed only during that period. The 
method of spacing the rows 7 feet apart with one plant in each hill 
gave the highest annual yield in 1914 and in 1918, but it ranks third 
in average yield in both the 3-year and the 5-year periods. 
Group B represents an average of one plant to 6.5 inches of row 

space where the rows were 3.5 feet apart or half as many inches 
where the rows were 7 feet apart, or 24,400 plants to the acre. In 
this rate the first method, spacing one plant in a hill in rows 3.5 
feet apart, gave the highest annual yield in three years of the 5-year 
period and in average yield ranks first in both the 3-year and the 
5-year periods. The second method, with two plants in the hill, made 
the highest yield in only one year, 1916, but it ranks second in aver- 
age yield in both periods. By the fourth method, or spacing the 
rows 7 feet apart, much lower yields were made than by any of the 
others in nearly all years, which gave it a low rank in both periods. 
Group C represents a stand of one plant to 9.5 inches of row 

space in 3.5-foot rows or about 5 inches in rows 7 feet apart, or 
16,700 plants to the acre. At this rate, the crop grown in rows 
spaced 3.5 feet apart gave a much higher yield than when grown in 
rows spaced 7 feet apart. The second method, or grouping two 
plants in the hill, gave the highest yield in two years of the 5-year 
period. This gave the first method the highest average in the 3-year - 
period from 1916 to 1918, inclusive, and the second method the high- 
est average in the 5-year period from 1914 to 1918, inclusive. 
Group D has a stand of 12.5 inches of row space to the hill or its 

equivalent in 7-foot rows, or 12,600 plants to the acre. At this rate, 
as in the previous one, the crop grown in rows spaced 3.5 apart 
gave a higher yield than when grown in rows spaced 7 feet apart. 
The first method, with one plant in the hill, gave the highest yield in 
three years and ranks first in the 5-year average. The second method, 
with two plants in the hill, produced the highest yield in two years 
in the 5-year period and ranks first in the 3-year average. 

Group E has an average of 18.5 inches of row space to the plant or 
its equivalent in 7-foot rows, or 8,500 plants to the acre. This rate 
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was in use only three years, from 1916 to 1918, inclusive. 
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In that 

time the first method of spacing, with one plant in each hill in rows 
spaced 3.5 feet apart, gave the highest yield in one year only; but its 
average yield in the 3-year period exceeded that of any of the other 
methods in use. 

TABLE XXI.—Annual and average acre yields of Acme broom corn in the com- 
bined rate-of-seeding and spacing experiments at Woodward (Okla.) Field 
Station in most or all of the five years from 1914 to 1918, inclusive, showing 
the results obtained at all rates of seeding in all methods of spacing, arranged 

in five groups, each 

per acre. 
containing rates having the same number of plants 

Group A.—AVERAGE OF 1 PLANT TO 4.5 INCHES OF Row SPACE, OR 35,200 PLANTS TO THE ACRE. 

Hills. Annual acre yields (pounds). Average yields. 

@ 3 years, | 5 years, 
Distance be- 4 1914 1915 1916 1917 1918 | 1916 to | 1914 to 
tween rows. c-| 1918. 1918. 

Puce 7 
(5) q Y wu im & & [=] e i= i 

2 81S: StS | SS | Ss) Ss fe. | Ss: 12S Eesseics 
m Aa} Ol];A) oo my Si {1d my Def Pay 3] Ce Sy Aa [oie] 

Bb feet. o2- 22 At OND 2eecis acta 1 | 215 | 90 | 775 | 87 | 405 | 65 | 380 | 125 | 180 | 34 |. 322 | 75 | 391 | 80 
BONeC acs secs Sito10 a2 3 2 | 250 ]100 | 710 | 160 | 472 | 39 | 428 | 50} 186 | 64 | 362 | 51 | 409} 83 
Bebieetsecoses- 17.6'to0 19.625|) 4s|225o: Sd ee eros 525 | 65 | 469 | 25 | 256 | 38 | 417 | 42 |.....]...- 
AOC tie cteratera ae ose QO Seana aaee 1 | 275 | 30 | 570 | 85 | 456 | 38 | 3825 | 81 | 294 | 37 | 358 | 52 | 384 | 54 

Group B.—AVERAGE OF 1 PLANT TO 6.5 INCHES OF Row SPACE, OR 24,400 PLANTS TO THE ACRE. 

3.5 feet....-.-- GO OWieeae ees 1 | 305 | 60 | 685 | 110 | 531 | 44 | 350 | 90 | 281 | 38 | 387 | 57 | 480 | 68 
Gpoh enaeeisaeee L204 ene 2 | 275 | 60 | 670 | 135 | 557 | 50 | 300 | 122 | 271 | 29 | 376 | 67 | 414 | 79 
S.010CL sw nesss 26:8'C0'28:82 a )ec4 |e eee | eee lire 480 | 50 | 372 | 72 | 242 | 29 | 3€5 | 50 |....- ae 
(AQ NiscEcasseee 3.4to3.8....| 1 | 205 | 40 | 530 | 80 | 438 | 50 | 312 | 106 | 238 | 37 | 329 | 64 | 345 

Group C.—AVERAGE OF 1 PLANT TO 9.5 INCHES OF ROW SPACE, OR 16,700 PLANTS TO THE ACRE, 

DLOMCCisamratacs = Oto 10sec 22. 1 | 250 | 20 | 590} 75 | 480 | 75 | 290} 55 | 235 | 25 | 335 | 52 | 369 | 50 
3.5: feet... 2. 18 to 21... 2 | 365 | 20 | 695 | 80 | 511} 44 | 228 | 45 } 200 | 22 | 313 | 37 | 400 | 42 
“teetes.<-52.35 4.6 to 5.4....| 1 | 225 | 25 | 390 | 50 | 400 | 44 | 244} 50 | 134 | 41 | 259 | 45 | 279 | 42 

Group D.—AVERAGE OF 1 PLANT TO 12.5 INCHES OF Row SPACE, oR 12,600 PLANTS To THE ACRE. 

S019Cb sess. = 11 to 14......| 1 | 280] 10 | 735 | 70 | 415 | 90 | 295} 55 | 257 | 43 | 322 | 68 | 396 | 54 
3.0. feet... «+ =~ 23560 282e-21-2 2 | 340 | 10 | 580] 45 | 400 |100 | 289} 39 | 343 | 14 | 344 | 51 | 390] 42 
TLCCbes ease 6 to 6.4......| 1 | 310 | 15 | 463 | 37 | 363 | 75 | 231 | 32 | 325 | 25 | 306 | 44 | 338] 37 

oR 8,500 PLANTS TO THE ACRE. 

BepaeCticc ce see: 18 to 19 1 
Solel. ss. 83 todd. wn. De 
TESTE) Pepe aes ee Sito LOH ee iL 465 | 25 

-| 295 120 
56 
87 

330 
211 
220 

305 
300 

288 
300 
256 

37 
21 
13 

272 

In summing »p the results from the rate-of-seeding and spacing 
experiments, it is interesting to note that the crop grown in rows 
spaced 3.5 feet apart gave the highest average yield in all five groups 
or rates in both the 3-year and the 5-year periods. 
with one plant in each hill in rows spaced 3.5 feet apart, gave the 
highest average yield in groups B, C, and E, or in three of the five 

The first method, 

63. 
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rates in the 3-year period. This method ranked first in groups B 
and D, or in two of the four rates averaged in the 5-year period. 
The third method, with four plants in each hill, gave the highest 
average in group A, or the thick rate, in the 3-year period. The 
second method, with two plants in the hill, gave the highest average 
in group D in the 3-year and in groups A and C in the 5-year period. 
Thus, it is seen that the first method, with one plant in the hill in 
rows spaced 3.5 feet apart, has more high averages than any other 
method. This is a good indication that it is the most favorable 
method of spacing, and also from 6 to 7 inches of row space to the 
plant appears to be the most profitable rate of seeding, as that is the 
rate which gave the highest average yield in this experiment and in 
all other experiments as well. 

HARVESTING EXPERIMENTS. 

The object of the harvesting experiments was to learn the stage of 
development at which broom corn should be harvested to obtain the 
highest yield and quality of cured brush. The experiments were con- 
ducted in the seasons of 1915, 1917, and 1918. Acme broom corn 
(C. I. No. 248) was used in making these experiments. 
Tn 1915 the harvesting experiment was conducted to learn the stage 

of maturity at which to harvest broom corn to obtain the highest yield 
of cured brush. Three plats of broom corn, not equal in area, in dif- 
ferent stages of development, were harvested. The first lot was in 
the flower stage, the second in the milk, and the third lot in the 
dough stage when harvested. Each lot was weighed as soon as 
harvested, including the seed. Then the heads were thrashed and 
the brush was put on racks in the shed to cure. After the brush 
was thoroughly dry the cured weights were obtained. 

Taste XXII.—Data obtained from the broom-corn harvesting experiment con- 
ducted at Woodivard, Okla., in 1915. 

Green | 
Stage of development. Relndeaer | eae 2 nee 

seed. | 

| Pounds. | Pounds. | Per cent. 
PURGE ae Se a a ee a eae I a Sea ces 309 79 5.6 
I ic ee iso a Baise ae eae See eee neces 209 59 28.2 
JUTE top < See: BEE ee SE ae earn a eae aa 441 142 32. 2 

The data in Table XXII show that 309 pounds of broom corn 
harvested in the flower stage yielded 79 pounds of cured brush, 
which is 25.6 per cent of the total green weight. When harvested 
in the milk stage, 209 pounds produced 59 pounds of cured brush, 
or 28.2 per cent of the total green weight. In the dough stage 441 - 
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pounds, green weight, produced 142 pounds, or 32.2 per cent of cured 
brush. From these data it is apparent that broom corn harvested 
in the dough stage gives a higher percentage of cured brush than 
when it is harvested at either the flower or milk stage. To obtain 
the highest vield of cured brush, therefore, broom corn should be 
allowed to reach the dough stage before it is harvested. 

In 1917 the harvesting experiment was conducted on an area of 
0.36 of an acre, which was divided into three equal and uniform 
portions. The broom corn was harvested from one portion of 
that area in the flower stage, from another in the milk, and from 
the third portion in the dough stage. Owing to unfavorable grow- 
ing conditions the crop was nonuniform in heading, which made 
necessary several successive harvestings to get the heads as they 
reached the desired stages of maturity. Counts were made of the 
heads when harvested. Then they were thrashed and put on shelves 
in the shed to cure. After the brush was cured the dry weights 
were obtained. From these weights the number of heads to the pound 
of cured brush was determined for each stage, as shown in Table 
XXII. : 

In 1918 broom corn was harvested at two stages only. Unfavor- 
able climatic conditions prevailed at heading time, which made head 
development slow and nonuniform, and no harvesting was done at 
the flower stage. Later, heads were harvested in both the milk and 
dough stages of development. These lots were harvested on the 
same day and from the same rows of broom corn, as both stages were 

present at the same time. After harvest the experiment was con- 

ducted the same as in 1917. The 1918 results are shown in Table 
XXIII. 

The results from the experiment in all three years tend to show 
rather conclusively that the highest vield of cured brush will be 
obtained when harvest is delayed until the seeds are in the dough 

stage. 

TABLE XXIII.—Data from the broom-corn harvesting experiments conducted at 
the Woodward (Okla.) Field Station in the seasons of 1917 and 1918. 

Cured brush. 

Heads 
Year and stage of development. Dees: mea 

vested. eads per 
Total. pound. 

Season of 1917: Number. | Pounds. | Number. 
IB OWiOI tee geysers. Se aoe ae ae ee ee ee ee 3, 549 53.0 67.0 
IM rs, ck tenes elon nee Lice ( Pe Sens 9 See tee Aces oak See 3 2 3,472 60. 5 57.4 

OU SD oem Fete epee ee rears en Sa ee ae mene etic rears ate eee 3, 200 58.5 54.7 
Season of 1918: 

5.1 i geen en SA Pe eS SIO SR Sine eM oi gee ak IE re 811 18.3 44.3 
DOUBD aes 85.20. ee et ee Ree ee ee ee eee | 546 15.6 35.0 
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WEARING QUALITY OF THE BRUSH. 

Brooms were made from the lots of brush harvested at the differ- 
ent stages of maturity in 1917 and 1918, in order to test the wearing 
quality of the brush. These brooms were divided into sets and are 
being used for sweeping both private dwellings and office buildings. 
Each set contains one broom made of brush harvested at the different 
stages of maturity. 

This part of the harvesting experiment has not progressed far 
enough as yet to draw final conclusions. However, the indications 
are that the brush harvested in the dough stage will give the best 
service. When harvested at the earlier stages, the fibers are too 
weak at the base to stand hard usage. They break over the shoul- 
ders of the broom. 

NURSERY EXPERIMENTS. 

The objects of the broom-corn nursery were to learn the quality 
of the seed from commercial sources and to obtain stock for subse- 
quent breeding. In the spring of 1915 thirty-four lots of broom-corn 
seed were obtained from commercial sources and a row 132 feet long 
was sown with each lot of seed. Nearly all lots of seed were received 
under some varietal name which indicated whether the seed was 
of the Standard or of the Dwarf variety. In a few cases the 
“Names were misleading, as the same name was applied to both 
varieties. In other cases the word Dwarf was part of the name used 
for the Standard variety, or Standard was used in combination with 
other words for the Dwarf variety. Each lot of seed was given a 
Cereal Investigations number (C. I. No.). 

The commercial name, Cereal Investigations number, and source of 
all the lots of broom corn grown in the nursery in part or all of 
the four years from 1915 to 1918, inclusive, are shown in Table 
XXIV. It will be noted in this table that the seed came from 14 
different States and from several different localities in some of 
these States. One lot came from France, one from Germany, and 
one from the Greek exhibit at the Panama-Pacific Exposition. 

HEIGHT OF PLANTS AND DURATION OF VEGETATIVE PERIOD. 

Table X XV shows the height of the plants (in feet) and the dura- 
tion of the vegetative period (in days) for all lots of broom corn 
grown in the nursery in part or in all of the years from 1915 to 
1918, inclusive, with 4-year averages. The height of Standard broom 
corn ranged from 7 to 11 feet in 1915. In the less favorable seasons 
of 1916, 1917, and 1918 the plants averaged much lower in height 
than in the favorable season of 1915. Dwarf broom corn reached 
a height of 5 to 6 feet in 1915, but in 1918 the height ranged from 
2.8 to 4.3 feet only. 
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TABLE XNNIV.— 
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Commercial names, Cereal Investigations numbers, and sources 
of the different lots of broom corn grown in the nursery at the Woodward 
(Okla.) Field Station in part or ail of the four years from 1915 to 1918, 
inclusive. 

Commercial name. I. No Source. 

Standard: 
StanGard DLOOUUCOLN Jasin a-stctaialstarosiel sels s'ale nie iclaverers i steeies ce sicac 446 | Oakland, Til. 

Dee ao ccce Soc ce ane ed eet oven aowhaee see te oem dance eases 556 Linsday, Okla. 
DD OSS 3 eeetoe stn isienics ieee ec meee ene eee ec naa eae 560 | Paris, France. 

HMUrOpeal SOLZNUM <2 seme ceceneiee sacnneee ecu cnseeseee esos 561 | Sherman, Tex. 
Broom COMM. w155 28.56 22 i dcinserale a aisisisre saisie saisieials stan ere aoigies <i2s esis 563 Springfield, Mo. 
poland ard Bi Verereen Jones qm seein =e sa=lae cee gatos <5 zin's 565 | Houston, Tex. 
California'Golden Dwarlsc oc: tcceon-feetee omnes eee ace ee eee 580 Do. 
Califormia Golden 222 cc .oscncrssstyeeie see mtee. eo ttee scene sneeceearae 582 | Lawrence, Kans. 
TM PLOVEOUEAVOTSTCON as. cesjesene tne ete eee ee ae eee eas 583 | Dallas, Tex. 

WD O Seta setiece pace Sao ete ate ae cece a ene emee ee 584 | Rav enna, Obio. 
DOs caiesiceed cite a ctens seace cesses sans ca decease eae ere 585 Richmond, Va 
DOs ee Sec se case Sent oe eens cas ee ee pemeeen ee 586 | Lawrence, Kans. 

Tennessee Evergreen 587 Do. 
Evergreen....... 588 | New York, N. Y. 

DOS sss 2-eee = 589 | Des Moines, Iowa. 
DOssccnescses 590 | Chicago, Ill. 

Missouri Evergreen.... 591 | Kansas City, Mo. 
Longbrush Evergreen. 592 | New York, N.Y. 
BIVELSTCCN.- 5 cco ea 593 Milwaukee, Wis. 

ADYop eee an eee 594 | Birmingham, Ala. 
Mammophebwartse< 2s. ace eee aoe tee eae aleeeetaa ee eee 600 | Wichita, Kans. 
Improved Pp ee Sime ctssieincinne S losteia SEA pet oe w eet aes weet 602 | Denver, Colo. 
EL VGLOTCRN Seas eee eee neice ee ie ye rn = eee ciel Semen eee 603 Lincoln, Nebr. 
DD Wari Vere Tee Mas aecmes tanta eee ae ees eee eee aeenee 604 | Los Angeles, Calif. 
IBYOOMI CORNEA smc. cata tmncactes oe oemae ais secles chien ot lees 2 607 | Greek Exhibit, Panama-e 

Pacific Exposition. 
Dwarti. 

PAGING Agni oe arte e icing ae eee ene oh Sepa de hs esteotiek oes 243 | Amarillo, Tex. 
Wihisk Dwarts.2 <= tons sean ssc sn cccc need se ees pe eeeeee te 442 | Sterling, Kans. 
Davart DYOOMT COM Ss. jcje = ase dens seein een See pele eee e eee: 535 | Amarillo, Tex. 
Bverpreen: Dwarfies. so2a.2 2 desseeceenos: postmen oseenwe sete ees 557 | Elk City, Okla. 
ID Wart bTOOMMCOLD icc cms selee eerie niet tls s este eer 558 | Carignan, Ardennes, 

France. 
DO se He a Sees cts Sires, Saeco te oie niata SRST te asi seer eee a 559 | Erfurt, Germany. 

MUrOpeam SOrGHUM <2 5c ee eace conse scececc cons seeciteee + ance 562 | Sherman, Tex. 
ptandard Wiverereen acca cece eae Sane ce eee ies ae 564 | Wichita, Kans. 
California Golden.-....=:...-:.. B sistent a Salerais eciclajacisis caieere SESE 581 | Des Moines, Towa. 
Oklahoma) wartsrcnu'c2 2 .ctee eee tee ioe se sess ene eee 595 | Lawrence, Kans. 

DOs Saree ed osan ce ttan tee ence eae Sse eee ee eee 596 | Kansas City, Mo. 
WD WATT Sante ae state a steiinen cteisase carsis tee sco cae are ete sie aoe eles 597 | Dallas, Tex. 

IDO) ab skerenciais'ensal ts case sees aac tec ceie so eke ee aeeiee ess 598 | Des Moines, Towa. 
DO scecisdicnee de stam cuales. hoses ese eemns tes oSsectesseeee 599 | New York, Nene 
TO edo rage srcterre tance eiee io  een Basie e o eee e eee 601 | Denver, Colo. 

BLOOM COM Secs cecctnce oc cise oda oGise sacs ce asec ma eee ee 2 605 paw Calif. 
HN) Obese euch le orcas ele es kee es tees ene ee recs 606 Do. 

The duration of the vegetative period with Standard broom corn 
shows a difference of 20 days between the earliest and latest matur- 
ing lots in 1915, which increased to 34 days in 1918. The variation 
in the vegetative period between the different lots of Dwarf broom 
corn was 19 days in 1915, which was increased to 44 days in 1918. 

ROW SPACE AND PERCENTAGE OF SUCKERS. 

The row space per plant in inches and the percentage of suckers, 
of stalks headed, and of good heads, with 2-year averages, for each lot 
of broom corn grown in the nursery during the two years 1917 and 1918 
are shown in T able XXVT. It will be noted that a uniform stand 
of about 7 inches of row space to the plant was obtained in nearly all 
the lots in 1917, and that, with a few exceptions, the same uniformity 
existed in the stand in 1918. 
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TABLE XXV.—Height and duration of vegetative period with 4-year averages 
for each lot of broom corn grown in the nursery at Woodward (Okla.) Field 
Station during the 4-year period from 1915 to 1918, inclusive. 

Height (feet). 4-year Growing period (days).1 4-year 
Manlehyanndelotie een cn wae ce oe lA Se average. average, 

(CRIANO) Se 1915 to 1915 to 
1915 1916 1917 1918 1918, 1915 1916 1917 1918 1918. 

Standard: 
AACR 9.0 7.0 7.0 6.0 78 83 72 100 77 83 
Gite sa aeesl Saeaeece 7.5 6.5 he eadacaacal socoseod 71 101 80) |--------- 
iV) eites sapere 10.0 6.8 7.5 5.5 7.5 93 81 112 88 93 
5G Leese ee oe 11.0 7.0 8.0 7.3 8.3 96 86 114 98 98 
GER SB cal ee eainaes 11.0 6.5 8.0 6.5 8.0 93 87 116 106 100 
BE apenas 10.0 7.0 6.5 5.8 (eo 82 76 105 85 87 
BROS Seren stairs 9.0 6.5 6.0 5.5 6.8 79 68 89 70 77 
OX. nie BS Ea | eae ee eae G5Os cei eea|e ee ewes| eeimactcceleect eas Bi) Beane Mersaaaeoe 
F540) aes ge ee | 9.0 7.0 G8Os esos Oo Ree ee 79 70 105 SESE eee eS eee 

7.0 6.0 5.5 (3D) odoaee 68 105 75 82 
8.0 6.5 6.3 7.5 77 73 94 77 80 
160) 7.0 6.0 7.9 81 81 112 94 92 
7.3 (50) Barcode Hosobecce ie 76 MeO eae icciEeleocoaadad 

8.0 Sh O) | bsonSaaallosoadéooc 77 83 INA eSececon|lbooecoces 
7.5 GO eee custalee noe e ee 77 70 Oa ets e Selene sees a 
8.0 sh) bas aeeddlisosoasHse eH 76 LDA eee Poa ersiiseees 

7.5 AOE 221650 eal 76 70| 105 80 | 83 
8.0 bONsecaesealleoecoshee 77 69 NY Sop oGetalleasesacse 
7.5 6.5 6.0 7.0 77 76 97 85 84 
8.0 7.0 6.3 7.3 77 74 100 78 82 
8.0 (CaO nee ene eee ee 81 72 (04 a see ele osese ee 
8.0 6.0 7.0 7.3 uns 70 94 77 | 79 

7.5 7.0 6.5 8.0 76 83 112 89 95 
7.0 GRO} |eiererenn pemticmcieics| series 71 180) | BoShooctsosscbe0s 

4.8 5.0 abt) | boonodsod laaeosaac 71 93 Pes \Basbo0accc 
3.3 3.5 7est8).| laScacodas |sonaGGde 76 94 TB \Weestaoaoc 
5.0 5.0 BEE) SS ASooooH |jSaaeaaas 70 91 Sh | teeter > 
5.3 5.0 SHB) | oooudsape senoeene 70 96 TE ecccasane 

DOS es ee ese 5.0 4.8 5.5 4.3 4.9 96 93 lil 109 102 
BOQ Uae ests 5.0 5.0 5.5 4.0 4.9 96 87 115 108 102 
Bi eepeooded (O6);| Basocosc hosbecse Goeconnaloonadesas MON Pertetseisa| sortase | sieecrererets|| eee rtelat= 
fal oy Se re ae 6.0 5.3 4.8 3.8 5.0 83 70 102 72 | 82 
GT aaacscncos 838} | lonGGcdee Sacceses) bonenaad joododeses SW Pos SAAad bosccded bocoaosd spcochDaS 
D1 adoqoncacEs 6.0 5.0 4.5 3.3 4.7 81 69 95 72 79 
thon ea oneseee 5.5 5.0 4.5 3.5 4.6 80 63 93 75 79 
BUT Acasesaceee 6.0 5.5 4.5 3.5 4.9 84 70 105 72 83 
Gee oscsheonccs 6.0 5.5 5.0 35 5.0 81 74 105 74 84 
DOO E eeaa eerie 6.0 5.5 5.0 3.5 5.0 81 76 112 75 86 
GOITER ee escciaienai BCH Babasecel Hooenas Bancdesea loocossbes UG Becreoas SoaCbaoA lboOSGaddl lboacceads 
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1 The vegetative period extends from the date of seeding to the date when heads apparently cease to 
appear. 

The tendency to sucker is present in both the Standard and Dwarf 
varieties, but to a much greater degree in some lots than in others. 
The percentage of suckers in most of the lots did not vary greatly in 
the two years recorded. However, a few lots in each variety show a 
wide variation. Standard broom corn (C. I. No. 580) developed 34.3 
per cent of suckers in 1917 and only 5.5 per cent in 1918. The high- 
est percentage of suckers developed in Dwarf broom corn was 46.3 
per cent by C. I. No. 595 in 1917. This same lot produced only 30.1 
per cent in 1918. 

PERCENTAGE OF HEADS AND QUALITY OF BRUSH. 

In 1917 the Standard broom corn grown in the nursery ranged in 
the proportion of stalks. headed from 73.5 per cent for C. I. No. 580 to 
93.4 per cent for C. I. No. 561, with an average of about 74 per cent 
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for all lots. The percentage of good brush that year was quite low, 
ranging from less than 1 per cent in several lots to as high as 24.4 
per cent in one lot only. Good brush as considered in this experiment 
includes those heads which have uniformly long, round fiber full 
and even at the tip and evenly attached to the peduncle at the base. 
These heads are suitable for the improvement of the strain. In 
1918 there was a slight increase in the percentage of good brush over 
that of the previous year, as shown in Table XXVI. 

TABLE XXVI.—Rovw space per plant, the percentage of suckers, of headed stalks, 
and of good heads for each lot of broom corn grown in the nursery at the 

Woodward (Okla.) Field Station during the two years 1917 and 1918, with 
the 2-year averages. : 

Row space per Suckers (per Percentage of Percentage of 
plant (inches). cent). stalks headed. good heads.! 

2-year 2-year 2-year 2-year 
Variety and lot (C. I. No.). aver- aver- pies aver- 

age, age, age, age, 1917 | 1918 1917 1917 | 1918 1917 1917 | 1918 1917 1917 | 1918 1017 

| and and and and 
| 1918. 1918. 1918, 1918. 
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1 Good heads as considered in the nursery work were heads whose conformation was near enough per- 
fect to be used as seed for propagation or for the improvement of the strain. 

Dwarf broom corn had a much higher average percentage of stalks 
headed and a somewhat higher average of good brush in 1917 than 
the Standard. In 1918 Dwarf broom corn led the Standard in both 
the average percentage of stalks headed and of good brush, but with 
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a smaller margin than in 1917. This experiment has not been carried 
far enough to draw final conclusions, but it is very evident that 
progress is being made in the development of strains of broom corn 
which produce a uniform brush. 

~ CONCLUSIONS. 

The conclusions drawn from the data presented in this bulletin are 
as follows: 

(1) All varieties of broom corn produce high yields in seasons 
which are favorable, but only adapted varieties yield well in the less 
favorable seasons. 

(2) Dwarf broom corn outyields the Standard variety under such 
conditions as obtain at Woodward, Okla. 

(3) Dwarf broom corn evidently requires less water than the 
Standard variety and therefore is better adapted to the conditions 
which prevail in the district described in this bulletin. 

(4) The commercial names applied to broom corn have little sig- 
nificance, as they do not represent distinct varieties. 
(5) The tendency to sucker is present in both the Standard and 
the Dwarf varieties of broom corn, but to a greater degree in the 
Dwarf. Suckering is influenced largely by environing conditions. 

(6) Environing conditions also influence the length and quality of 
the brush. Thick stands tend to produce short brush and thin stands 
long, coarse brush. 

(7) The best time to sow the crop appears to be either from about 
May 1 to 15. or from June 15 to 30. When sown at these times the 
crop comes into head either before or not until after the middle of 
August, which is usually dry and hot. 

(8) No single rate of seeding will give the best results in all 
years. A stand of one plant to 6 or 8 inches of row space, with rows 
3.9 feet apart, appears to be the most profitable rate for a series of 
years. 

(9) There is nothing gained by the method of spacing the rows 7 
feet apart with the plants twice as thick in the row as when the 
rows are spaced half that distance apart. 

(10) When harvesting is delayed until the seeds have reached the 
dough stage a higher yield of brush will be obtained than if har- 
vested earlier. 

(11) The indications are that better service will be obtained from 
brooms made from brush harvested when the seeds are in the dough 
stage than if harvested at any other time. 

(12) The nursery work shows that much of the seed from com- 
mercial sources is of poor quality. Progress is being made in devel- 
oping strains which produce a uniform quality of brush. 
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INTRODUCTION. 

The grape-berry moth (Polychrosis viteana Clem.) has been the 
most destructive insect pest with which the grape growers of north- 
ern Ohio have ever had to contend. In an effort to improve the 
methods of control for this insect, extensive experiments in coopera- 
tion with the Ohio Agricultural Experiment Station were conducted 
during the seasons of 1916, 1917, and 1918 in northern Ohio. The 
results of these experiments and the recommendations based therecn 
are contained in this paper, together with observations made during 
the investigation. Only such life-history data are presented as are 
necessary for the understanding of the control experiments. The 
complete life-history data will be presented in a later paper. 

1This investigation was conducted under the direction of Dr. A. L. Quaintance, En- 

tomologist in Charge of Deciduous Fruit Insect Investigations of the Bureau of Ento- 

mology. ~The senior author, assisted by E. R. Selkregg, then field assistant in the 

Bureau of Entomology, conducted the work during the season of 1916. Much credit is 

due Dwight Isely of the Bureau of Entomology for his suggestions on grape-insect control, 

based on similar investigations in the Chautauqua-Erie grape belt of Pennsylvania. The 

results of Mr. Isely’s investigations are published in United States Department of Agri- 

culture Bulletin No. 550. The authors wish to express their appreciation to Prof. H. A. 
Gossard, entomologist of the Ohio Agricultural Experiment Station, for his help in many 

ways. To the many grape growers who have cooperated most willingly the authors 

express their thanks. 

147842°—20—Bull. 887-1 
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HISTORY IN OHIO. 

The grape-berry moth was destructive in Ohio as early as 1869, 
according to Goodwin.t This was shortly after grape production 
became an extensive industry in the State. In 1881 the insect is re- 

_ corded as having been especially destructive on the islands in Lake 
Erie. Injury in Ohio was extensive again in 1905 and 1906, but later 
decreased and in 1909 and 1910 the berry moth caused comparatively 
little damage*°. The infestation became severe again in 1913 and 
1914 and reached its height in 1915, when in some local sections as 
much as two-thirds of the entire crop was ruined. The infestation 
continued high in 1916, the first season of the investigations here re- 
ported, and was but slightly less in 1917. Due to a cold autumn, 
however, the commercial damage was much less in 1917 than in any 
one of the four years preceding. In 1918, the last year of these in- 
vestigations, the infestation about Cleveland was of no commercial 
importance, but in the section about Sandusky the loss was heavy in 
many unsprayed Catawba vineyards. 

NORTHERN OHIO CONDITIONS AFFECTING INFESTATION. 

The grape-berry moth has been a more general pest in the north- 
ern Ohio section than in the commercial grape sections of New York, 
Pennsylvania, or Michigan. This statement is based on published 
reports * * and on observations made by the senior author during the 
seasons of 1914-1918 inclusive. 

Four principal factors have brought about this condition: The 
varieties grown, the cultural practices, the method of harvest, and. 
the training system. 

VARIETIES GROWN. 

The Catawba variety predominates in the grape section about 
Sandusky and on the neighboring Lake Erie islands. Due to its late 
harvest this variety offers ideal conditions for the second-brood 
larves to mature and to reach winter quarters. In all the experi- 
mental work conducted the Catawba variety has been uniformly in- 
fested more heavily than the Concord, which is the predominating 
variety in the Chautauqua-Erie belt of Pennsylvania and New York 
and in Michigan sections. 

CULTURAL PRACTICES. 

Late in the fall, after grape harvest, a majority of the vineyards 
are “ plowed on.” This operation consists in beginning next to the 

+ Goodwin, W. H. The grape-berry worm (Polychrosis viteana Clemens). Ohio Agr. 

Exp. Sta. Bul. 298, p. 259-307 (20 pl. on p. 288-307). 1916. 

? Gossard, H. A., and Houser, J. S. The grape-berry worm. Ohio Agr. Exp. Sta. Cire. 

63. 16 p., fig. 1906. 

8’ Johnson, Fred, and Hammar, A. G. The grape-berry moth. U. 8. Dept. Agr. Bur. 

Ent. Bul. 116, Pt. II, p. 15-71, fig. 4-22, pl. 4-8. 1912. 

*Isely, Dwight. Control of the grape-berry moth in the Erie-Chautauqua grape belt. 

U. S. Dept. Agr. Bul. 550. 44 p., 9 fig., 6 pl. 1917. 
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vines and plowing three successive furrows of soil toward the 
vines. Thus all leaves and trash in the vineyard are covered with 
from 3 to 5 inches of soil and ideal winter protection is afforded 
the hibernating pupz which are in cocoons in the old grape leaves 
(Pl. II, fig. 2). In the spring before time for moth emergence this 
soil is worked away from the vines. In the Sandusky region it is 
plowed away and in grape sections near Cleveland it is removed 
with a disk or worked away with a shovel cultivator. This cul- 
tivation breaks the crust formed in the winter and in many cases 
turns to the surface the pupz (PI. I, fig. 3) that were plowed under 
the previous fall. This practice of covering the pupe for the winter 
and then uncovering them early in the spring protects them from the 
extreme winter and allows the moths to emerge in the spring. 
Pupe of the berry moth, kept in the insectary yard at Sandusky 

under conditions similar to those described for the vineyards, lived 
through the winters of 1916-17 and 1917-18. In the spring of 1917 
the emergence was 20 per cent and in 1918, after an unusually severe 
winter, it was 26 per cent. Comparative data are not at hand for 
the same winters with pupe exposed as they would be in a vineyard 
plowed before grape harvest and then left until spring. In experi- 
mental work reported by Isely, however, it was found that subsequent 
emergence from cocoons left through the winter of 1915-16 
under exposed conditions in the vineyard was but 5 per cent as com- 
pared with 30 per cent emergence where the cocoons were covered 
by 2 inches of earth and then uncovered before time for emergence 
in the spring. 

Since late plowing away in the spring is objectionable in northern 
Ohio from a horticultural standpoint, the writers recommend that 
when cultivation is completed in July the vineyards, whenever pos- 
sible, be placed in final cultural condition for the winter and then 
that they be left in that condition until the next spring. The only 
objection to this practice is the excessive growth of weeds, which in- 
terferes with harvesting. This can be overcome by seeding a cover 
crop at the completion of cultivation. 

METHOD OF HARVEST. 

A large part of all the grapes in these sections and practically 
all of the Catawba variety were formerly sold for wine making. 
Since no particular packing is required for this market, all sorting 
is done in the vineyards by the pickers. Wormy berries are cut or 
shaken out of the clusters and allowed to fall to the ground and to 
remain in the vineyard. It appears that any other method of dis- 
posing of the infested grapes would be more costly in labor than 
would be warranted now that satisfactory control may be secured 
by spraying. 

1Isely, Dwight, op. cit. 
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TRAINING SYSTEM. 

The * fan” system of grape training (PI. ITI, fig. 1) which is used 
consistently in northern Ohio with the Catawba variety and a modi- 
fication of which is used with Concords, is not generally practiced in 
any of the other commercial grape sections of the country. 

This “fan” system consists in securing the bearing canes from the 
old vine head between the ground and the first wire and tying them 
up obliquely to the first and second wires, forming a V open at the 
top. Although two canes are the rule with the Catawba variety, 
when the thrift of the vine allows of more than two the additional 
canes are also carried up obliquely, completing the fan from which 
the system takes its name. As the young shoots bearing the clusters 
grow to a sufficient length they are tied up vertically to the middle 
and top wires. An effort is made to have these shoots spread, but 
to economize labor in tying they are often bunched 2 to 4 in a place. 
This system of training spreads the grape clusters all through the 
vine from the ground to the top wire and covers them almost com- 
pletely with foliage and shoots (Pl. ITI, fig. 2). These conditions 
explain in part the failure to cover the grape clusters when any set- 
nozzle method of spraying is used, particularly when the spraying 
is done late in the season and considerable vine growth has been at- 
tained. ; 

VARIETAL INFESTATION. 

Several commercial varieties of grapes are present in northern 
Ohio, affording opportunity for observation on the relative infesta-. 
tion of the different varieties by the grape-berry moth. A list of 
varieties observed, beginning with the most heavily infested and 
ending with the least, is as follows: Shride, Elvira, Clinton, Reisling, 
Catawba, Norton, Niagara, Delaware, Agawam, Ives, Concord, Wor- 
den, and Moores Early. 

In general it seems that the early-blooming varieties like the 
Shride and Clinton become heavily infested with the first-brood 
larvee, and late-harvested varieties lke Catawbas and Nortons be- 
come heavily infested with second-brood larve. 

SEASONAL HISTORY. 

The grape-berry moth completes one life cycle and a part of an- 
other each season. This insect is injurious only in the larval stage. 
There are two broods of worms or larve every season (PI. I, fig. 1), 
the second much more numerous and destructive than the first (PI. 
IT, fig. 1). Since an understanding of the main points in the life 
history of the insect is necessary for the best application of control 
methods, a brief summary will be given. 
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The winter is spent in the pupal stage in cocoons (PI. I, fig. 2) 
which the larve spin in grape leaves the previous fall. These leaves 
are the ones that fall early and become soft and sodden on the ground 
(Pl. II, fig. 2) and remain under the trellis during the winter. In 
the spring, previous to and during grape bloom, moths (PI. I, figs. 
4,5) begin to emerge from the overwintering pupe. This emergence 
gradually increases and continues at a high point for about 3 weeks. 
The moths begin to deposit eggs on the young grapes about 4 days 
after emergence and the eggs hatch in from 4 to 6 days. This first 
brood of larvee or worms usually is not seriously destructive, though 
first-brood infestation amounting to as much as 30 to 35 per cent 

has been observed. The average length of the feeding period of this 
brood of larvee is 23 days. When mature the larve migrate to grape 
leaves on the vines and spin their cocoons on them. From the cocoons 
moths emerge in about 13 days and begin laying eggs about 4 days 
later. The eggs of this second brood are placed on the nearly full- 
erown grapes and are easily found where the infestation is heavy. 
Before the eggs hatch they appear as creamy-white raised dots on 
the green grape berries, but after the larve leave the eggs the egg- 
shells appear as glistening white spots. This brood of eggs hatches 
in from 4 to 6 days and it is the resultant brood of larvee that, if 
allowed to develop, does the greatest damage to the grape crop. 
(Pl. I, fig. 1.) The larve of this brood feed for a long period and 
usually leave the grapes just before harvest. They spin down to the 
ground and make their winter cocoons on old decayed grape leaves 
under the trellis. In the case of a cold fall many larve do not leave 
the grapes but are harvested with the grape crop. This condition 
prevailed in the fail of 1917 to an unusual degree and the result was 
a lighter infestation in 1918. 

RELATION BETWEEN SEASONAL-HISTORY DATA AND CONTROL 
MEASURES. 

The control experiments recorded in this bulletin are based on ex- 
tensive field observations and on life-history studies conducted each 
season. The data shown in diagram form in figure 1 are sum- 
marized from the complete seasonal-history data. In determining 
the hatching periods of the larve 4 days are allowed from the 
emergence of the moths to the deposition of eggs and 6 days for in- 
cubation of the eggs. These are average figures from many obser- 
vations extending over several seasons. 

It is seen in figure 1 that in 1916 and 1917 a few larvee had hatched 
before Concord grapes began to bloom and in 1918 that the dates of 
first hatching and beginning of bloom are coincident. In each sea- 
son the first-brood larve were hatching in large numbers for about 
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3 weeks. It is important to note that the rise in the early part of 
the hatching is abrupt and the subsidence of hatching more gradual. 

It has been the opinion of other writers that the largest part of 
the second-brood larvee hatch within a shorter period of time than 
the first brood. The rearing records here illustrated do not support 
that belief but show the hatching periods to be of about equal 
length. 

NATURAL CONTROL OF FIRST-BROOD LARVZ. 

It, was observed that the grape’ berries infested by first-brood 
larvee dropped readily from the vines when touched. It was thought 
that if these infested berries dropped in any great numbers at any 
particular time some cultural method such as covering these berries 
with soil might aid in the control of the insect. To determine this 
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Fic, 1.—Diagram showing relation between dates of spray application and periods during 

which the grape-berry moth larve were hatching for the seasons 1916, 1917, and 1918 

at Sandusky, Ohio. 

point the following experiment was undertaken in 1916: Wooden 
frames were made, 6 feet long, 30 inches wide, and 6 inches deep 
with cheesecloth stretched on the bottoms. These trays fitted be- 
tween the vines directly under the trellis and were placed in six 
different locations in the vineyard, under vines heavily infested with 
first-brood larve. Fresh leaves were supplied in the trays for the 
cocooning of any larve that might drop. The trays were put in 
place July 5 when first-brood infestation was about at its height 
and were left until August 15, when practically all first-brood larve 
had left the grapes. These trays were examined every three days. 
Practically no grapes dropped from the vines and not a single larva 
was taken throughout that period. From these negative results it is 
concluded that practically no natural control occurs from the drop- 
ping of grapes infested by first-brood larve. 



CONTROL OF GRAPE-BERRY MOTH. 4 

CONTROL EXPERIMENTS. 

STATUS OF SPRAY PRACTICE FOR GRAPE-BERRY MOTH CONTROL. 

_ When these investigations were undertaken the following prin- 
cipal facts were known about spraying for the control of the grape- 
berry moth: First, satisfactory control had not been effected by the 
use of any system of set-nozzle spraying, particularly in thrifty 
vineyards where foliage growth was heavy. Second, satisfactory 
control had been effected in Ohiot by using the trailer method of 
spraying at. the time of the hatchings of second-brood larve, usually 
in early August. This practice, however, left a heavy residue of 
spray material on the fruit at harvest time, which tended to exclude 
such fruit from a basket market. Third, two spray applications by 
the trailer method, the last when the grapes first touched in the 
clusters, had given satisfactory control on the Concord variety in 
the Chautauqua-Erie belt in 1915. This practice was to be 
thoroughly tried in northern Ohio on Concords and Catawbas. 

SCOPE OF EXPERIMENTS. 

From this summary of the knowledge available it appeared that 
the investigations should deal with three main points: (1) Time and 
number of spray applications, (2) chemicals used in spray materials, 
(3) spray residues left at harvest time. 
In studying these factors spraying experiments were conducted 

by the writers in 6 vineyards in 1916, in 9 in 1917, and in 15 in 1918, 
a total of 30 vineyards. These vineyards were selected for the op- 
portunity they offered for the advantageous study of any one or 
more of the important features enumerated above. Since little would 

be gained by considering each vineyard separately it has seemed 
desirable to assemble in Tables I, IT, and ITI the data relating to the 
different vineyards and to bring together in similar form in Table 
IV the results of the experiments. 

TIME OF SPRAY APPLICATIONS. 

Former experiments? indicated that a spray application directly 
after grape blooming was important for the control of both grape 
rootworm beetles and grape-berry moth larve. In the Sandusky and 
island sections of Ohio a spray application following grape bloom is 
usually made for the control of downy mildew, Plasmophora viticola, 
particularly on Catawba and Delaware varieties. This application 
directly following grape bloom was considered as the first spray in 
all of the experiments in which it was included. The second spray 

1 Goodwin, W. H., op. cit. 

? Goodwin, W. H., op. cit. Johnson, Fred, and Hammer, A. G., op. cit. Isely, Dwight, 
op. cit. 
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was applied when the grapes touched in the clusters, but before the 
clusters were tight enough to prevent the spray material from being 
driven between the grapes. This stage of grape growth usually oc- 
curs from 38 to 4 weeks after bloom. This second spraying was 
designed to kill the late hatching first-brood larve and to remain 
on the grapes to be effective-when the second-brood larve hatched. 
The third spraying was timed in each case to precede immediately the 
hatching period of the majority of second-brood larvee. 

METHOD OF APPLICATION. 

All spraying was done by the hand or trailer method in which 2 
hose lines of from 20 to 50 feet trail behind the sprayer, and the 
spray material is delivered through short spray rods and angle noz- 
zles, directed by hand as in tree spraying. Variations in this method 
will be discussed later. Sufficient pressure was maintained to drive 
the spray well into the clusters, but the amount of pressure varied 
from 125 to 225 pounds in different vineyards. 'The best pressure to 
maintain will vary somewhat with the vineyards, but the writers 
believe that from 175 to 225 pounds usually will be found most, 
efficient. Nozzles set at an angle are absolutely necessary for efficient 
work, and it was found that nozzles set at angles of 45° allowed 
more freedom of handling than those set at 90°. A nozzle aperture 
of ;;-Inch was most commonly used, but the most efficient size was 
found to vary with the vineyard and other local conditions. 

WEATHER CONDITIONS! AFFECTING SPRAY RESULTS. 

The season of 1916 was about normal in all respects except for an 
unusually dry period during July and August which was favorable 
for spraying and for spray material adhering. These same condi- 
tions were likewise favorable for the development of an unusually 
large second brood of worms. September and October were warm 
and dry, conditions also favorable to extensive berry moth injury 
as shown in the uniformly heavy infestation in the checks (Table IV). 

In 1917 conditions were decidedly unfavorable for spraying opera- 
tions. Both the first and second applications were interfered with 
by rain and closely followed by showers of varying intensities. In 
July the total rainfall was but 0.46 inch, but this came between the 

first and second spray applications. The maturing of first-brood 
larvee was favored by an exceedingly hot and dry period from July 28 
to August 6 and a subsequent heavy hatching of second-brood 
larvee followed. September was 3.3° below normal in temperature 
and slightly below in precipitation, while October was 8.3° below 
normal with 3.79 inches of rainfall above normal. These unfavorable 

1 Weather records from the U. S. Weather Bureau Station at Sandusky, Ohio. 



Bul. 837, U. S. Dept. of Agriculture. PLATE |. 

THE GRAPE-BERRY MOTH (POLYCHROSIS VITEANA). 

Fic. 1.— Larva. Fic. 2,—Pupa (ventral aspect) in cocoon. Fic. 3.—Pupa (dorsal aspect). Fics. 
4,5.—Adult. All greatly enlarged. 
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THE “FAN” SYSTEM OF GRAPE TRAINING. 

Fic. 1.—Northern Ohio vineyard trained according to the fan system. Fic. 2.—Grapevine 
showing fan system of training with grape clusters scattered from near the ground to the top 
wire. 
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conditions in September and October retarded the development of 
second-brood larvee and counteracted the previous favorable condi- 
tions. 

The season of 1918 opened unusually early and continued favor- 
able for all growth processes throughout the season. Spraying was 
but little interfered with and no unusual weather conditions pre- 
vailed that affected the spraying results. — 

SPRAYING EXPERIMENTS IN 1916. 

TABLE I.—Vineyards used for spraying experiments in northern Ohio, 1916. 

ang Rsti- | Gallons of spray ma- Wine) Dates of spray applications. ett 4| _ terial per acre. 

ard |e icy aed owalet ands) Varieties. infes- 
No. E tation | | 

First. Second. | Third. | 1915. |First.)/Second.| Third. 

Per ct. 
1 peat Brown, Kelleys | Catawbas .] July 5 | July 21] Aug. 9 70 | 173 192 192 

sland. 
2 See Brown, Kelleys |....do-.....| July 3] July 20 |....do... 85 | 120 202 200 

island. 
3 | Charles Duggan, Put- |....do......) June 30| July 17} Aug. 7 75} 112 176 112 

in- Bay. 
4 | W.R. Huntington, Put- | Catawbas, | July 1] July 19] Aug. 8 80} 105 160 112 

in-Bay. Concords. 
5 | E. Manty, Venice.......].... do..-...]| June 29 | July 12] Aug. 3 90} 128 304 150 
6 | John Schonhart, Venice.|....do......| June 27,| July 11,} Aug. 2 70 90 236 230 

28. 12. 

Experiments were conducted in six vineyards in the Sandusky 
and island sections, as shown in Table I. In all of these experiments 

the arsenicals were applied in Bordeaux either 3-38-50 or 2-8-50 
strength. Laundry soap at the rate of 2 pounds to 50 gallons was 
used for the first spray application in all of the vineyards and for 
the second spray in vineyards Nos. 5 and 6. It became apparent dur- 
ing the second spray application that resin fish-oil soap possessed 
better spreading qualities than laundry soap and so it was used in 
all the other spray applications at the rate of 1 pound to 50 gallons. 
Previous to bloom all of the vineyards received an application of 
Bordeaux alone for the control of downy mildew. The strength of 
arsenicals in the berry-moth sprays was varied in the different vine- 
yards as shown in Table VI. 

147842°—20—Bull. 8837-2 



10 BULLETIN 837, U. S. DEPARTMENT OF AGRICULTURE. 

SPRAYING EXPERIMENTS IN 1917. 

TasBLeE I1.—Vineyards used for spraying experiments in northern Ohio, 1917. 

Dates of spray applica- Gallons of spray 
tions. Con- | material per acre. 

. tro : me yine = mate 
yard LO EEE Varieties. infes- Dee Spray applications. 
No. tation with 

First. | Second. |} Third. | 1916. | “Gy 3 
ec- 1916. |First.| (oq. | Third 

Pence 
1 | Becker Wine Co., | Catawbas .] July 14 | Aug.3,4].......... 25 (@) 1503) S103 alee eee 

Kellys Island. 
231.0..W. Brown, Kel=|5..-d0---2ss|-0uly 12) \ Aug. 21.5. seas 50 (?) 1653|) 41/8 i4eoeee 

leys Island. 
3 | Paul Cooley, Do-|Concords ..| July 12,| July 26 | Aug. 18 40 (3) 250 | 300 300 

ver Center. 13. 
4 | Fred Foye, Put-in-|Catawbas .| July 11,| July 31,]..... Sear 90 (3) 150) | 233) |2 e286 

Bay. 12. Aug. 1. 
5 | George Lewis, Bay|Concords, | July 5-9 | July 23- | Aug. 17 40 (3) 200 | 275 200 

Village. Ives. 26. 
6 | John Schonhart, |Catawhbas, | July 3,4 | July 20- | Aug. 14 20 (4) 150+} 312: 280 

Venice, Concords. 25. 
7|T. W. Wearsch, |Concords, | July 10 | July 27] Aug. 17 90 (3) 120 |} 160 166 

Avon Lake. Ives. | 

1 One spray with trailers. 3 No spray. 
2 Two sprays with trailers but operators riding. 4 Two sprays with trailers. 

As seen in Table II the experiments were conducted in seven vine- 
yards, four in the Sandusky and island sections and three in the 
Dover and Avon sections just west of Cleveland, Ohio. The ex- 
periments were so placed as to include local variations in the dif- 
ferent grape sections, such as weather, cultural practices, varieties, 
and markets. All the arsenicals were applied in Bordeaux 2-83-50 
with resin fish-oil soap added at the rate of 1 pound to 50 gallons. ° 
The following single exception was made: In vineyard No. 5 copper 
sulphate was omitted from the third spray application and laundry 
soap, 2 pounds to 50 gallons, was substituted for resin fish-oil soap. 

SPRAYING EXPERIMENTS IN 1918. 

Taste Il].—Vineyards used for spraying experiments in Northern Ohio, 1918. 

Date sof spray applica- Gallons of spray 
tions. Con- | material per acre. 

trol ee aaa of 
‘ine-| 7 mate 7 | V € ere : ee yard Sor ierare Neate Varieties. ae Derry Spray applications. 

Hirst... | Second. | Thica. | 1917. | 22 F 
1917. | Fj ec- | yj 7. | First. ond. | Third. 

Per ct. 
1 | C.D. Powell, Ver- | Ives....... June 13,] July 9] Aug. 5 15 Q@) (2) (2) (2) 

milion. 14. 
2 | O. W. Brown, Kel- | Catawbas .| June 29 | July 18 }.......... 15] ©) (2) (2) (2) 

leys Island. 
3 | T. W. Wearsch, | Concords, | June 14,| July 11,|.......... 2 () LOOM) P1505 )Soeeeee 

Avon Lake. Ives. 15. 12. 
4 | Ernest Dunning, | Concords..| June 19 | July 16 |.......... 50 (3) 2007} 342) aaa 

Avon Lake. 
5 Mevelst, Put-in- | Catawbas .| July 2-3 | Omitted.|.......... aD (3) (2) (2): Sica stees 

ay. 

1 Two sprays with trailers. 2 No record. 3 No spray. 
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CONTROL OF GRAPE-BERRY MOTH. At. 

The experiments were extended in 1918 to include work in 15 vine- 
yards, but as infestation was not sufficiently heavy for satisfactory 
comparisons in all the vineyards only the 5 showing the heaviest 
infestations are included in Tables III and IV. 

The arsenicals were applied in Bordeaux 2-2-50 in vineyards Nos. 
- 1,2, and 5. In vineyards Nos. 3 and 4 copper sulphate was omitted 

at the request of the owners. Stone lime 2 pounds to 50 gallons was 
retained to care for any free arsenic in the arsenicals. Resin fish-oil 
soap at the rate of 1 pound to 50 gallons was used uniformly through- 
out the experiments. 

METHOD OF RECORDING RESULTS OF SPRAYING EXPERIMENTS. 

Tt had been learned in earlier work? that results based on weights of 
harvested fruit were misleading, owing to the varying thrift of vine- 
yards, time of harvest, weather conditions affecting the development 
of worms, etc. The weight method, therefore, was abandoned in 
favor of the count method. This consists in selecting a representa- 
tive number of vines in each sprayed plat and in each check, har- 
vesting all the fruit from these vines, counting the clusters, then 
the clusters containing wormy berries, then removing the wormy 
grapes and counting them. To ascertain the average number of 
grapes per cluster, 100 representative clusters were taken in each 
vineyard and all the grapes counted. The number of clusters in 
each plat was then multiplied by the average number of grapes per 
cluster to give the total number of grapes examined in each plat. 

Tn all control work on the grape-berry moth, the unevenness of in- 
festation within a vineyard has made experimental results difficult to 
interpret. This uneven infestation prevailed throughout these in- 
vestigations but was cared for whenever possible by placing checks 
across the control plats and reading the results on the control plat 
the second post-length away from the checks. While the plan does 
not entirely overcome the difficulty, the writers feel that the averages 
from several vineyards closely approximate actual conditions. 

Tn all cases the fruit from at least 10 vines was examined and when 
possible the examinations included all the fruit from 20 to 25 vines. 
Exceptions to this occurred only when there were less than 10 vines 
of a particular variety in a plat. First-brood counts were made in 
some instances, but since they add little to the final results they are 
omitted from the tables. 

1 Johnson, Fred, and Hammar, A. G., op. cit.; Isely, Dwight, op. cit. 
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In Table IV are brought together all of the data bearing on the 
time and number of spray applications, arranged by vineyards and 
varieties. This table provides for a comparison of the plats within 
each vineyard by reading from top to bottom, as well as a com- 
parison of the plats receiving similar spray treatment in the different 
vineyards, by reading across.. While the comparison between plats 
within a vineyard is relatively consistent, considerable variations 
exist between vineyards. <A study of the column of averages shows 
satisfactory commercial control to have been effected in all plats 
which received either two or three spray applications with the excep- 
tions of the first two plats. ‘These two plats illustrate the necessity of 
timeliness of spraying and adhesiveness of spray material, since in 
1917 the more timely spray treatment, and the use of resin fish-oil 
soap throughout, reduced the average infestation from 19 per cent 
in 1916 to 5 per cent in 1917. 

RELATIVE EFFICIENCY OF DIFFERENT TIMES AND NUMBERS OF SPRAY 
APPLICATIONS. 

Taste V.—Summarized results from Table IV—relative efficiency of different 
times and numbers of spray applications, 1916, 1917, and 1918—Arsenicals 
applied in Bordeaux mixture and soap solution. 

n n 

q a 8 is Percentage of grape berries infested, aver- 
S 5 eB Be ages ofallexperiments, 1916, 1917, 1918. 

ewe | | ee ee 
q bs of] 8a 53 . : x) a ae | Sq | gs w Catawbas. Concords. Ives. 
“e| = (shel .-0) EB s ae) 
s @ f= | 2 s oq 3 
| n S) q An Bb oa : : . 

a | & laf] ae | ys q | 3 4 rs rs 
Q ro oo © o 3S 5 = +3 3 me} i a3 $8 
S|] » |28] 6° | 25 ; c ae te = & q & re 
3 o | Fs | Fe | Se & S Ss a, 2 a, e A, S 
ma oad ce b oe Pa ke hy oO =| ro =| o a 

Be ye lage ee | eet me ae 2 8 eee 
A | ee lees gs g aeiaie]/s]ef]s|gs!| 3 
5 | 8 Sj 2 ® 3 S 5, oO 5, a] 5 oO 
Z a Q i= < va Z, Z n <j MR <i nD < 

2. x EX, “i[prsaeee 24 | 1916,1917 9 11 | 11.35 | 79.22 | 3.04 | 48.20] 2.11 39. 67 
eee: aXS Wc face ee x 24 1916 3 A118.99) | 83.987|--2:31 || 2267 oe. - ssle cere 
2. x aXe | ees 14 | 1917, 1918 11 14 | 4.67 | 64.92 -82 | 26.00 | 1.:53 |, 16.85 
Qisese gle crctsizie xX 1$ | 1917,1918 5 6 feeder wcfocesees 1.11 | 85.64] 2.07 | 30.14 
2 eee |e ee | a x 24 1916 3 4) (5278) (209227: | 12.66) 22.60 Nees e.  eeeees 
Beas x x x 23 1916 6 8 | +6:86)| 79:98: | 1.32.1 /66;:26 |o-22. 221k oc oe. 
Sees x x x 1 1917, 1918 5 5 41 | 42.00 | 1.21] 52.96 | 1.317). 17592 
Lis sestsssese Dan eee 22 | 1916, 1917 6 7 | 16.90 | 79.77 | 6.21 | 31.91 |. 7.23 |. 39.67 
1 ee 2D: Goa | ne ee eee eat 1% | 1917, 1918 4 Ale Sis satel seieen oe 13.30 | 26.40] 8.75 9. 89 
Pee x ax GE cesar 1 1918 2 DN, 609) | 'O2s:O0 | neeeciae acto cee 2.08 6. 93 
ies Cece D0 Pneee re 14 1918 2 2 ANQ5107),|| Sovo2.|fasecwe laces see 4.20 | 10.04 

} 

A comparison of the combinations of the first and second sprays 
with first and third sprays shows little choice between them as far 
as berry-moth control is concerned. Since the combination of the 
first and second sprays leaves the fruit practically free of all spray 
residue at harvest time and since the second spray is more easily ap- 
plied than the third because of lighter grape foliage, this combina- 
tion of the first and second application is preferred by the writers. 
It is important to know, however, that if for any reason the second 
spray can not be made, the third may be applied and will give about 
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equally as good control. When the third application is made the 
fruit will usually be unfit for basket market because of excessive 
spray residue. 
Where a third application is added to the first and second, control 

is slightly better, 6.8 per cent infestation as compared with 11.3 per 
cent in 1916 and 0.4 per cent as compared with 4.6 per cent, an aver- 
age for 1917 and 1918. These differences, however, were not suffi- 
cient to justify the expense of the third application. 

ONE-SPRAY METHOD. 

One spray application by the trailer method at the time the 
grapes first touched in the clusters gave an average control of 83 per 
cent on Catawbas and 94 per cent on Concords as compared with 89 
per cent control on Catawbas and 97 per cent on Concords when both 
the first and second sprays were given. This is a good showing for a 
“one-spray ” schedule and this treatment might be the most efficient 
under some conditions. All results indicate that this one spray may 
be depended upon to save the crop from ruin by the berry moth. 

In an effort to eliminate entirely the factor of spray residue on 
fruit for the basket market the spray application directly after 
grape bloom was tried alone. Data are insufficient on this treat- 
ment but indicate a marked effect on the final infestation. This 
treatment has the advantages of being the most important one for 
rootworm beetle control and of being timely to prevent black-rot in- 
fection of the young grapes. It may develop that this method will 
be practical after the infestation of the moth has been reduced by the 
use of the two-spray schedule for one or more years. Experiments 
on this point were conducted in several vineyards in 1918 but ad- 
jacent checks failed to show sufficient infestation to make results 
conclusive. 

CONCLUSIONS FROM EXPERIMENTS. 

The combinations of the first spray treatment with the second and 
of the first with the third gave satisfactory control. The third spray 
added to the first and second increased the effectiveness, but not 
enough to justify the expense of making the application. The second 
application alone averaged 83 per cent control and in all cases saved 
the commercial crop. The first application alone reduced the final 
infestation appreciably but needs further testing. 

MATERIALS USED IN SPRAYS. 

ARSENICALS. 

ARSENATE OF LEAD, COMMERCIAL POWDER. 

Arsenate of lead in powder form was used throughout this work. 
Since previous infestation had been extremely heavy in the experi- 
mental vineyards, the powder was used in 1916 at the rate of 24 
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pounds to 50 gallons, equivalent to 5 pounds of paste to 50 gallons, 
as a basis for comparison that year. 
in but two vineyards in 1916. In 1917 the 24-pound rate was retained 
in four vineyards and the 14-pound used in seven. In 1918 compari- 
son was made between 1 pound and 14 pounds of arsenate of lead 
powder. 

The 14$-pound rate was used 

TaBLe VI.—Relative efficiency of arsenate of lead at the rate of 1, 14, and 24 
pounds (powder) to 50 gallons liquid. 

yeild eee Percentage of infested grape berries. 

© = 
a 5 : Catawba va- | Concord va- . 
g ‘<4 3 riety. riety. Ives variety. 

Pounds of arsenate lead | 5 a 
powder to 50 gallons] ¢ ae Ess 3 F E : 
iquid ‘dd |«.8|48 18 | ¢ : ca F “4 : “4 

5 on i= Fan is >) 3 i) 3 o 
2S a] ‘eS - Z s | = q & aq 
Gr tye ro) ro) [ay S a S) (oH S) SQ = @ Lo} al » » rd i) B B 5 ro q ro q Lo] q eo la | 2 lel 6 1.8 | € | 82] sees 

° z q eI 2 $ # S £ s = 
~ 5 ° Le} uo} re 
sy Oe > Aim Va fe ane se Ua lyin lef Lg von te 

SEASON 1916. 

1 x x 2 3 4°) 20393) | 481012") 2322.-¢|eaeaeee| eee | cee 
oa oe ea x ee (ee a 6 | 11.90 | 70.26 | 5.56 | 52.83 |.......|..0502. 

AVGLAPGS + oe tir scale sinensis mee cias tein aoe 2 On eee 6.42 |. 75:69 | 5.565] 52483 |2 225 Ate sre 

i ot x cif ae a ee aie 3.25 | 64.52 |.......|.. ae 
Lc ae eee a celle xX 5 are Weerrcten ene 6 | 10.41 | 64.39 | 3.34] 43.32 |-22-22 [oo to. 

AVGYAPGS= oto ees Sse] cerniecteic| seine aaie 2 Bt cee 10. 41 | (64.539 3-30')| 639922) 5220s scl seeesns 

SEASON 1917. 

x DCN ees eae if 2.03; |-64.09. |2ses-42|S-ccces|Setees et leeeeeas 
xX DCt sees en prea 2:1 8.86] (82170 | saonias| se ee aoe ane |aeceees 
SX ORES) eee scart A oe cee Oh Secs eee |licieetorets Os477| 6101) 2 S22 s|oeeeces 

MSs SoS aaciceeemine eo mes ae xX SR ese ace |Seeee 4). 6584 | 68.038) |2 so. Soe ensss| Steen |seeeeee 
xX XY A caceee | Eee Lye eee oem SOLAN GO2 LL 0.43 | 20.14 
x 2s Gan feseseeeee | bee tere 6 | 1.48 | 42.00 -18 | 20.60 | 2.94] 19.59 
x B.ED SA ae | Saver tormt laa ceo 2-66. |(88203')|-see-ee|-eeeens 

PASV CTR OS ara retain ate eae cet eae 7 1K 0 ee 4.55 | 61.82 | 1.04 | 50.59 | 1.68 | 19.86 

x DIGes. en oot Racers 1 267 | |- 64:09) |= -22=- scalieaeee 
2h x EXE) {| ao see eee als 2 6:47 (AO 8E (iis. f hae oe Sake ey CES Ba 
ae cal Of 20 cnt ae ne }) xX ere ssesee laseens 4 Mahe {FO iOd: [oes estes ert ate lle cee | eee eye 

Ext Xe) | Sees Ga eee eet eee -48 | 80.14 | 2.11 | 39.67 

ATVETAGCS so sess st. fst lle ta eel Loeodes 4 D! |edctioe 4.95 | 74.34 48 | 30.14 | 2.11 | 39.67 

aXe | TEX | Paneyen|seeee sl, alll) Soo eee| eee ee fee eee | eee 0. 86 7.85 
7 x A273) | 68.02 \|aeccncs| oes Se sleseeeee 

poe eee eer Ba ere ea ace Dad OS de at a 0.41 |. °2:54)/220....| see 
EXE iP ERE ees 25 es ee Aa Eee oh cee 100" |, 26228") 23. ees eoe eee 

IAVETAS OS: See canst aencece|Zccenac|ve cucee 4 7 Sea 4.78 | 68.02 71 | 4.41 86 7.85 

1 { x DG IS Seer ce eee 1S eae Serial Beers caed ecient bale ce 2.08 6.93 
aaa Non ha On a x x eee eee 2 (209°) O2e00! |5=0 5420 seaeerne |b en eee | eee 

AVOLASOS 52 38. Gee b eei wale soos sleseset 2 Da Seec ee B99 | FO228G), | 2 hie 2c eee tye 2.08 6.93 

* All plats received Bordeaux 2-3-50 and resin soap 1 pound to 50 gallons in 1917 and 1918. Same in 1916, 
except laundry soap 2 pounds to 50 gallons, first application; and second application vineyards Nos. 5 and 6. 
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The differences in the control effected by the various strengths of 
arsenate of lead were slight, as shown in Table VI. When compar- 
ing the averages the differences in the infestation of the adjoining 
checks should be kept in mind. The tests of 1 pound to 50 gallons 
have not been sufficient to justify one in drawing conclusions, but 14 
pounds to 50 gallons has proved adequate for control. 

ARSENATE OF CALCIUM, COMMERCIAL POWDER. 

Much interest has centered in the comparative merits of arsenate 

of calcium and arsenate of lead as insecticides. Arsenate of cal- 
cium has the advantage of being much cheaper than arsenate of lead, 
but doubt has prevailed as to its adhesive qualities and its effect on 
foliage. Since an extra spreader and adhesive in the form of resin 
soap is necessary even with arsenate of lead for spraying grape 
clusters, and since grape foliage is comparatively hardy to arsenicals, 
it was thought that arsenate of calcium should have a wide use in 
grape spraying. 

Taste VII.—Relative efficiency of commercial arsenate of calcium and arsenate 
of lead for control of the grape-berry moth, Sandusky, Ohio, 1917, 1918. 
Both arsenicals applied in Bordeaux 2-3-50 with 1 pound of resin soap to 
each 50 gallons. 

Spray appl. Percentage of infested grape berries. 

a S Catawba va- | Concord v “4 t - a- . a ; a I 5 5 a g riety. riety. Nes valloly, 

Arsenical, pounds to 50 | BO fs s = 
gallons, 2: | Pd ® £B ad a aj 

SB Sieaioa Icy’ |S its boys S as 5 ES S 
ae | ag | o ead Weal aks ze ie z= ae r=| 
Ra | Sa) |) .0 ome a 2 g = 2 
be) bo i i = Zo eed a ic) 8 
9 FI Ue) COSI: ARIE BS 3 5 3 5 8 

Oo oO fas} 3 3 Gs} 3 3 

203! Sorbo! Flys bind loads acl 2 |S 
oo = Z A > mM < n < ol < 

| 
1917. 

1 6 | 64. 09 SEACH be endo ue| |seacsee Hescuac 

Arsenate io ee ; 13-78 | 79.63 |- (gel eplinlllscie se eae ee 
commercial powder. 7 7 Rag reeiaad nee oF Want | MESiGoH none 
per cent As2Os, 1 pound x GR Poe a EEeore Wfeo por b= Becca 66 | 40.60 | 1.28 | 39.67 
to 50 gallons.....--.-- : 1918. 

ALR | apa cS Se tee | eee [ee te potes 1.04 6. 23 
2 Us PAA Metfo 0 be aeeelledaecnelloonecad laebence 

PANY CLAP CS meee cisnic | (sa ok eal oes 6 We | eee 10.15 | 76.93 462) 1) 36.1855 |b: Lol Gu|)422595 

1917 55 
25 03e|K6£5 094| ae 2 | Se cace ens se lee eee 

4 GEL bn GS E(08)+| [Sap Scod eEsSred sesee a4 Ise Sees 
Arsenate of lead com- ya (eee (eee POLI SQETLO ELS ea eos 

mercial powder, 30 per |p X DEN ie BE are Sense Ole oeeca|locsanoc -18 | 20.60 | 2.94] 19.59 
per cent AS205..------- 

1918. 
stosdedlcaneead lpsonene lacoaseK 86 7.85 

PI CET REO sstcod pdosecs |sescuu sl lenaoasS 

BALVOTASOS)s sijais mibarate | oes sai |------- 6 Hfiteeeaee 4.22 | 65.05 ~OL | 26.35 1.90 13.72 
| 

Table VII shows the comparison of arsenate of calcium with 

arsenate of lead in six vineyards and seven plats. Control was 
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almost complete for both materials on the Ives and Concord varie- 
ties. On the Catawbas the arsenate of calcium averaged 90 per 
cent control and the arsenate of lead 96 per cent, but the checks 
adjacent to the arsenate of calcium plats were 12 per cent more 
heavily infested than those adjacent to the arsenate of lead plats 
so the comparisons are very close. These results may indicate that 
the arsenate of lead adhered shghtly longer in the season than the 
arsenate of calcium. In recording the spray residue on the fruit 
at harvest time, slightly less was found on the arsenate of calcium 
plats than on corresponding arsenate of lead plats. This feature 
is an advantage in grape-berry moth spraying and is discussed 
later. No foliage injury that could be attributed to the arsenical 
occurred on any of the arsenate of calcium plats. 

Grape spraying experiments were continued in 1919 and foliage 
injury occurred on all plats of the Ives variety where commercial 
arsenate of calcium was used at the rate of 14 pounds to 50 gallons 
of water with 3 pounds of freshly burned stone lime slaked and 
added to each 50 gallons of spray solution. This experience indi- 
cates that the use of arsenate of calcium on the Ives variety is unsafe. 

ARSENATE OF CALCIUM, HOME-MADE PASTE. 

Varied success had been reported from the use of home-made 
arsenate of calcium pastes as sprays for fruit trees. To determine 
the efficiency of these home-made materials for use in sprays on 
grapes the following experiments were conducted. Pastes were 
made according to the following formulas and methods and applied - 
in spray solutions to grapes: 

(1) Arsenate of soda + stone lime. 

Sodium arsenate, fused (dry powdered) 60 per cent 

AGO) pee ee Ee ee ee ee ee ounces__ 380 

oi) oY tam OB ci (= apenas sepa et een ee en do_.___ 18 

Via CC eee ee ees eee do____ 48 

AAD G) e:2 1 Sp ercrare-oe ween bce nay es ae Sp ag Oe Me REAR G0=-2=72 96 

The sodium arsenate was dissolved in the water and the resultant 
solution used to slake the lime. A smooth paste arsenate of calcium 
of about 18 per cent As,O, content resulted. This was decanted 5 
times to remove the sodium hydroxid. The resultant paste was 
used at the rate of 24 pounds to 50 gallons to be comparable with 
arsenate of lead (commercial powder 30 per cent As,O,;), 14 pounds 
to 50 gallons. 

(2) Arsenic acid + stone lime. 
Arsenic acid (liquid) 78 per cent As:,O;___-_--~- ounces__ 10 

Stone Wime 222k... Se ee ee eee do_..__ 8 

IWial Te Tee ees 2 ee ee ee do____ 384 
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The lime was slaked to a smooth paste with 18 ounces of water. 
The arsenic acid was diluted with the remaining 16 ounces of water 

and the diluted acid added to the lime paste a little at a time. The 
paste was stirred vigorously during the mixing. With each addi- 
tion of acid the lime had a tendency to granulate, but continued 
stirring restored the smooth pasty condition. A sample of the final 
paste was analyzed by the United States Bureau of Chemistry under 
miscellaneous laboratory No. 24714 as follows: 

IMIOUS GUT ee Mee cet ES ESS di ee Ma Ae 69. 7 

NotaliCaGz (asureceived!) 2221) sae eee oS Gt Sa 15. 08 

Total As.O; (as received) ——_______ JR ae gate ve EH AEA 

Water soluble As,O;___---______ ees tae vi is Lode Na AD, 

5 grams samples in 1,000 ¢c. c. CO. free water; equivalent to 2 pounds to 

50 gallons. Free lime calculated as calcium hydroxid Ca(OH): 4.4 per cent. 

Paste made according to this formula was used on grapes in 1918 
at the rate of 4 pounds to 50 gallons of water. Grape-berry moth 
infestation failed to develop in numbers sufficient for the desired 
comparisons in any one of the four vineyards in which these ma- 
terials were used. The spreading qualities and effects on grape 
foliage, however, are important. The arsenicals were applied either 
in Bordeaux 2-2-50 or with stone lime 2 pounds to 50 gallons added 
to the mixture. In all cases resin fish-oil soap at the rate of 1 
pound to 50 gallons was also added. The paste made from sodium 
arsenate spread equally as well as the commercial arsenate of cal- 
cium powder or arsenate of lead powder. The paste made from ar- 
senic acid failed to spread as well and when dry it was not a smooth, 
even coating such as is desired. In no case could folage injury be 
attributed directly to the use of either of the home-made arsenate of 
calcium pastes. 

SPREADERS AND ADHESIVES. 

Because of the partial failure of arsenate of lead and Bordeaux 
to spread over or “ wet ” the individual grapes in the grape clusters, 
various materials have been added to these to facilitate the spreading 
process. 

The qualities desired in such a spreader are (1) quick-wetting 
power, (2) adhesive power when dry, and (8) that it be easily pre- 
pared for use. In addition, a material to be suitable must be com- 
patible with Bordeaux mixture and arsenicals and also be compara- 
tively cheap. 

Former investigations’ had shown that some form of soap was 
the most practical material for the purpose. When these investiga- 
tions were undertaken various soaps were recommended by differ- 

1Isely, Dwight, op. cit, 
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ent authorities. To determine the most efficient of these, experiments 
as shown in Table VIII were conducted in 1916. 

TaBLe VIII.—Relative efficiency of different soaps as spreaders and adhesives, 
Schonhardt vineyard, Venice, Ohio, 1916. 

Gallons Results in grape-berry moth control. 
Spray | spray ae 

a mate- seri In- - 
Pounds; rials ria crease um- | x 

Kind of soap used. in 50 | com- per over oe ber ane: Tn- 

gallons. ae Bae ey vines clus: grapes | fested | Variety. 
soaps. | appli- = od. exam- oraau grapes. 

cation. * | ined. : 

Per ct. ‘Perch. 
an 14 790 | 18,960 | 17.04 | Concords. 

Bolt. . +... 2.222.222 -2 + a) 140 86 10] 342 | 12,996 | 24.83 | Catawbas. 
; ot 11 608 | 14,592 6.78 oncords. 

OUR Gy ie aacen ec ses pales) say oo { 10) 198] 7,524) 6.11 | Catawbas, 
ESE alae ry 12 735 | 17,640 8.50 oncords. 

Resin fish-oil...-........ Ly) 20) 75 0} 10] | 81L | L918 | 8.37 | Catawbas. 
i f 22} 1,050 | 25,200 | 41.16 | Concords. 

Checks. ..-..----- +++ +---)se 2s eeee) sere tees) eee ee ee e|eee reese 1 34 1,019 | 30,570 | 73.12 | Catawbas. 

1 Bordeaux 3-3-50, arsenate of lead commercial powder 2} pounds to 50 gallons. 

Adjoining grape rows, each row including Concord and Catawba 
varieties, were sprayed three times during the season, the first ap- 
plication three to five days after grape bloom, June 27, the second 
when the grapes touched in the clusters, July 18, and the third at 
the beginning of the hatching period of second-brood larve, August 
3. All spraying was done by the trailer method with medium disk 
angle nozzles and at a pressure of 150 pounds. The soaps were used 
as spreaders in mixtures of Bordeaux 3-38-50 and arsenate of lead . 
powder 24 pounds to 50 gallons. The season was unusually dry dur- 
ing July and August, favoring both adherence of spray materials 
and the development of the grape-berry moth. The Concords were 
harvested September 29 and the Catawbas October 10. 

The soft soap used was a bulk product made especially for use in 
commercial laundries. This soap dissolved readily in hot water, but 
when applied to grapes formed in globules on the leaves and grape 
berries and dried in large drops. This condition was reflected in 
the percentages of infested grapes at harvest time, 17 per cent on 
Concords and 25 per cent on Catawbas. This increase in infestation 
on the Catawba variety did not occur with the laundry or resin soap, 
and so seems to indicate less adhesive power late in the season in the 
soft soap, since the Catawbas were harvested 12 days later than the 
Concords. The laundry soap used (Pl. IV, fig. 1) was the com- 
mon yellow-bar soap, chipped and dissolved in hot water. This 
spread smoothly over the grape foliage and berries and gave a satis- 
factory covering when the spray was directed on the clusters for a 
sufficiently long time, but the amount required to “wet” them was 
33 per cent greater than when the resin soap was used. When the 
third-spray application is used, as in this experiment, the adhesive 
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quality of the laundry soap appears equally as great as that of the 
resin. However, when the first and second sprays are applied and 
the third omitted, leaving a longer period between the last spray 
application and harvest time, it appears from field observations that 
the resin soap adheres longer than the laundry soap. 

The resin fish-oil soap used was the commercial product obtained 
in bulk and of the consistency of thick molasses. This soap is readily 
dissolved in hot water and wets the clusters (PI. IV, fig. 2) easily, 
as is indicated by the use of but 75 gallons as compared with 100 
gallons of laundry soap solution and 140 of soft soap solution. The 
resin soap adhered the longest of any material tried. It was found 
that 1 pound of this soap to 50 gallons was about as efficient as 2 
pounds of the other soaps and at the rate of 1 pound to 50 gallons 
is as cheap. No difference in compatibility with Bordeaux and ar- 
senate of lead could be noted among the different soaps. 

In conclusion it can be said that the resin fish-oil soap proved to 
have all the desired qualities of a spreader and adhesive and in the 
present state of knowledge appears the best spreader to use in grape 
spraying.* 

COMBINATION SPRAYS. 

In the Sandusky and Lake Erie island sections where the Catawba 
variety predominates it is desirable to combine a fungicide for con- 
trol of downy mildew, Plasmophora viticola, with the arsenical and 
soap for rootworm beetle and grape-berry moth control. In the other 
sections it is sometimes desirable to use the same combination for 
blackrot and insect control. 

Bordeaux, either 2-2-50, 2-38-50, or 3-38-50, was used in combination 
with arsenate of lead powder 14 and 24 pounds to 50 with soaps at 
the rate of 1 and 2 pounds to 50. In some of the experiments the 
copper sulphate was omitted and stone lime, 2 pounds to 50 gallons, 
was used. The combining of the insecticide with the fungicide 
appeared to make no difference in insect control. 

In some cases slight burning of Concord and Catawba foliage and 
serious burning of Ives foliage resulted from application of the Bor- 
deaux-arsenate of lead-soap combination. The burning was most 
noticeable during the abnormally wet season of 1917. Experiments 
were conducted in 1918 to determine the material or combination 
causing the burning. The combinations of arsenate of lead and soap 
with Bordeaux proved responsible. Wherever the copper sulphate 
was omitted and the arsenate-soap-lime mixture was used, no injury 

resulted. 

1An appreciable difference was noticed in the length of time required to ‘‘ wet” the 

clusters of different varieties. Beginning with Niagaras, which were most readily wet, the 

other varieties followed in about this order: Catawbas, Delawares, Ives, and Concords. 

This difference is apparently closely correlated with the waxy bloom on the grape berries. 
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The burning was closely related to the thrift of vines, the stage 
of grape growth when sprays were applied, the weather during and 
following spray aplications, and the method of mixing materials. 
Weak vines and those bearing too heavy crops were most seriously 
burned. Spray applications just before and after bloom caused 
more injury than later applications. Excessively wet and cloudy 
weather during and following spray applications appeared to in- 
crease burning. When either of the ingredients of Bordeaux was 
added to the other without being diluted, increased burning resulted. 
From the above observations it is concluded that Bordeaux mixture 

should not be used in the arsenate of lead-soap combination on the 
Ives variety at any time and that in applying the combination with 
Bordeaux to Concords and Catawbas the above factors influencing 
foliage injury should be kept in mind. The arsenate of lead-soap- 
lime mixture was safe wherever used, even on the Ives variety. The 
injury from spray materials appears to be cumulative from season 
to season. The combinations of spray materials and factors influ- 
encing grape foliage injury warrant further experimentation. 

DUSTING FoR CONTROL OF GRAPE-BERRY MOTH. 

Much interest is centering in the application of insecticides and 
fungicides in dust form as compared with the liquid application. 
In an attempt to avoid all spray residue on grapes at harvest time, 
erape-dusting experiments were conducted in 1916, 1917, and 1918. 
The final infestation in check plats adjacent to the dusted plats was 
so light as to give inconclusive results except in 1916. The plan of 
the 1916 experiments and the results recorded are presented in 
Table TX. 

TABLE IX.—Dusting experiment for control of grape-berry moth, Schonhardt 
Vineyard, Venice, Ohio, 1916. 

Sits EPEEGSs Counts ofinfested grapes at harvest, Oct. 13, 1916. 

- 3 to05 | When Plat Dust and spray mixtures i _ | Num- _ | Num- _| Per- 
No used and dilutions. days |second-) Num- | her of | Num | ber of | NUM | cent- after | brood | ber of | Giyc. | berof | Giys. | ber of age of 

apes plane | mes | “ters | E8peS| “tors | ETDS | grapes 7 Des irod, | exam- | S*25 | in- est in- 
ie rere: ined. | ined. | ed. | festea.| ©4- | tested 

| 

| Arsenate of lead powder, 23 
pounds to 50 gallons; Bor- 
deaux, 3-3-50; laundry soap, 
2 pounds to 50 gallons, Li- 
quid application.........-.- Oe esl b sce] eeccdgiie| sie ctrcierete| croteiot jac lcawtene oeeeee ee | sere mes 

Dust mixture, arsenate oflead 
owder 10 per cent, hy- 
ated lime 90 per cent. ..-.- eeeeeee x 8 211 | 6,330 211 | 2,978 47.04 

Arsenate of lead powder, 24 
pounds to 50 gallons; Bor- 
deaux, 3-3-50; laundry soap, 
2 pounds to 50 gallons. ..... x x 6 215 | 6,450 202 | 1,194 18.51 

31 | Checksunsprayed «<r. tociicice| cases ae lsesocess 8 239 | 7,170 239 | 5,668 79.05 

i 

no 
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The dust materials were applied with a small hand duster and 
the liquids with a gasoline power sprayer. In each case the appli- 
cation was made from either side of each row and a thorough cover- 
ing of foliage and fruit effected. The dust materials adhered to the 
grape foliage fairly satisfactorily but did not adhere well to the 
smooth surface of the grape berries. No rain fell from the time of 
the application until August 11 when a light shower occurred. 
When the vines were examined on August 19 only a trace of the 
dust material was in evidence on the foliage or fruit, while the 
sprayed fruit was well covered with spray material. It required 40 
pounds of dust material to dust 46 thrifty Catawba vines. At this 
rate and with the vines set 900 to the acre as is the practice in this 
section, it would require 783 pounds of material per acre. No doubt 
this would be materially reduced if a power machine were used 
for the dusting. If but half as much material were required per 
acre the amount of arsenical would be from 6 to 7 times as great 
as when applied in liquid form at the rate of 14 pounds of arsenate 
of lead powder to 50 gallons of spray and the liquid applied at the 
rate of 200 gallons per acre. The writers feel that the dust would 
have to be applied much more frequently than the liquid to be ef- 
fective for berry moth control. This method of application might 
be satisfactory for treating small home grape arbors when appled 
frequently. 5 

SPRAY RESIDUE ON GRAPES AT HARVEST TIME. 

Throughout these investigations records were kept on the com- 
parative amounts of spray residue on the grapes at harvest time. 
In all cases where the spray application shown as the third (fig. 1) 
was used in early August the fruit was heavily coated with spray 
material at harvest time. In nearly all cases where the combination 
of first and second sprays was used, and spraying completed by 
July 25, there was not sufficient spray residue at harvest time to 
affect the marketing of the grapes in baskets for table use. When 
either the first or second application was used alone the residue was 
lighter than when both were used. Slightly more residue resulted 
on the plats sprayed with arsenate of lead at the rate of 24 pounds 
than on those sprayed: with the same material at the rate of 14 
pounds to 50 gallons. No difference could be seen between the fruit 
from plats on which Bordeaux was included and those on which 
lime, 2 pounds to 50 gallons, was substituted for it. Slightly less 
residue was present on the plats sprayed with arsenate of calcium ~ 
than on those sprayed with arsenate of lead where the comparison of 
material was on the basis of arsenical content. In one plat where 
these materials were mixed in the proportion of arsenate of calcium 
9 ounces to arsenate of lead 5 ounces, the amount of residue was 

- 



24 BULLETIN 887, U. S. DEPARTMENT OF AGRICULTURE. 

greater than where arsenate of calcium was used alone and less 
than where arsenate of lead was used alone. 

SUMMARY OF RESULTS WITH SpRAY MATERIALS. 

Arsenicals—Arsenate of lead powder at the rate of 14 pounds to 
50 gallons proved adequate for commercial control of the grape-berry 
moth in the average case. Arsenate of calcium proved almost 
equally as efficient as arsenate of lead when compared on the basis 
of arsenical content and has the additional advantage of leaving less 
residue at harvest time. 

Spreaders and adhesives—Resin fish-oil soap at the rate of 1 
pound to 50 gallons possessed all the qualities desired and required 
33 per cent less spray material than laundry soap and 86 per cent 
less than soft soap, to wet the grape clusters on an equal area of 
vineyard. 

Spray combinations —The mixture of arsenate of lead and soap 
with Bordeaux should be used with care on Catawba and Concord 
varieties. The Bordeaux mixture should be omitted on the Ives va- 
riety. Stone lime at the rate of 2 pounds to 50 gallons should be 
added to the arsenate of lead-soap combination when Bordeaux 
mixture is omitted. 

Dust mixtures—The dust mixture of arsenate of lead and hy- 
drated lime did not adhere to the grape clusters as well as the liquid 
sprays. The dust material was only partially effective for the con- 
trol of the grape-berry moth. 

Spray residues.—Objectionable residues do not result when the 
first and second spray applications are used with care. A spray ap- 
plication in August with the materials necessary for berry-moth 
control will leave a residue which will bar the fruit from the basket 
market. 

COST OF TRAILER SPRAYING. 

Because of the fan training system it was necessary, when spray- 
ing, to drive between each two rows of grapes. Each rodman sprayed 
but one side of one row at a time. In the Chautauqua-Erie belt it 
was found possible for a man to spray both sides of a row as he went, 
but there appears to be little gain in time by the latter method. In 
all of the experimental work it was found possible to mix and apply 
6 tank loads of 150 gallons each or a total of 900 gallons in 9 work- 
ing hours. This amount of material covered from 3 to 8 acres, de- 
pending on local conditions, and averaged about 5 acres. About one- 
half more material was required for the second application than 
for the first. Where the third application was made on plats that 
had received the second, the amount was about the same as for the 
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first application, but where the second had not been applied slightly 
more material was required for this third application than for the 
second application in adjoining plats. This difference is accounted 
for by the fact that the material from the second application re- 
mains on the grapes and overcomes the waxy bloom, thereby allowing 
quick wetting. j 

The following comparisons of single-nozzle, double-nozzle, and 
spray-guns for use in trailer spraying were made: 

TABLE X.—Haperiments with single and double nezzles and spray guns for use 

in trailer spraying of grapes. E. Dunning’s vineyard, Avon Lake, Ohio, 1918. 

[First spray application for grape-berry moth control, June 19.] 

Number’| Nozzle Pests Pane to inboe ee N HEI 
Plat No. nozzles | aper- | Gaare y 50. rows i? ee ee eal 

perrod. | tures. inch. | gallons. | SPFved-| saved. | saved. 

Inches. | Pounds. | Minutes. 

Ie oko coepocderenceepnear ee egues 1 tes 175 64 14 0 0: 
Dy UN A et oN ce 2 py 175 50 16 21.8 14.2. - 
By VN Ue ae ee (1) 4 200 38 16 40.6 14.2 

1 Spray guns, 1 to each hose line, 

In Table X it is seen that two medium nozzles per rod saved 21 
per cent in time and 14 per cent in materials as compared with one 
large nozzle. Spray guns saved 40 per cent in time and used no more 
material than two nozzles per rod, but an angle at the nozzle end of 
a rod is a necessity for thorough covering of the grape clusters. The 
writers believe that for the average vineyard two disk nozzles, at an 
angle of 45°, to each rod, with ;5-inch apertures and a pressure of 
175 pounds, will be found most satisfactory. 

Materials and labor vary so greatly from season to season and in 
local sections that figures as to the cost of spraying are of little value. 
The statement can be made that an average of about 5 acres of 
thrifty vineyards can be sprayed by two men with a team in a day 
and will require from 100 to 250 gallons, averaging 147 gallons 
(Tables I and IT) per acre for the first application, and from 160 to 
300, with an average of 224 gallons per acre, for the second applica- 
tion. 

CONCLUSIONS. 

The grape-berry moth has been a more general pest in northern 
Ohio than in other commercial grape sections because of the follow- 
ing conditions: (1) Production of the late maturing Catawba va- 
riety, (2) cultural methods favorable to successful wintering of the 
insect, (8) harvesting methods which leave the insect in the vine- 
yards, (4) a grape training system which prevents spray materials 
from reaching the clusters when applied with set nozzles. 
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Spray schedule—The combination of first and second spray appli- 
cations is adequate for control on the principal varieties of grapes 
grown in northern Ohio and when carefully applied leaves the fruit 
suitable for the basket market. 
Spray materials—A combination of arsenate of lead powder 14 

pounds to 50 gallons and resin fish-oil soap 1 pound to 50 gallons, in 
Bordeaux mixture or with stone lime 2 pounds to 50 gallons, may be 
used for spraying Concords and Catawbas. Copper sulphate should 
not be used in the above mixture for Ives variety. Arsenate of cal- 
cium, commercial powder, proved almost as efficient as arsenate of 
lead for grape-berry moth control. Dust mixtures do not adhere to 
the grape berries as well as liquid sprays but may be used on small 
home grape arbors if applied frequently. 

Spray residues——The grapes will be practically free from spray 
residue if the schedule recommended is used according to directions. 

Spray method.—The trailer method only was used, and a trailer 
provided with a short rod and two angle nozzles proved most satis- 
factory in most vineyards. 

RECOMMENDATIONS. 

When possible, vineyards should be placed in condition for winter 
at the end of the cultivation season in July and left without further 
cultivation until spring; this practice is designed to increase the win- 
ter mortality of the grape-berry moth pupe. 
Number of spray applications—For general practice for grape- 

berry moth control in northern Ohio two spray applications should. 
be made. 

Time.—The first application should begin 3 to 5 days after grapes 
set and the second should begin when the grapes touch in the clusters. 
This second application will usually come 3 to 4 weeks after the first. 
Method—Where the berry moth is a major pest the trailer method 

of spraying is the only one that will give complete control. 
Materials—Arsenate of lead, at the rate of 14 pounds of powder 

or 3 pounds of paste to 50 gallons, as the active killing agent, with 
resin fish-oil soap, at the rate of 1 pound to 50 gallons, for a spreader 
and adhesive, used either in Bordeaux mixture or with 2 pounds of 
freshly slaked lime to each 50 gallons, has proved the most consistent 
combination tried. Bordeaux mixture should not be used on the 
Ives variety of grapes in northern Ohio because of the danger of 
injury to the foliage. Amounts of material should be great enough 
to allow the covering of all clusters with a thin, smooth film of spray 
material. — 
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ECONOMIC IMPORTANCE. 

The Monterey cypress (Cupressus macrocarpa Hartw.) is one of 
the most popular shade and ornamental trees in California. It is 
planted separately or in hedgerows and often trimmed to formal 
shapes. Due to its thick, spreading habits it makes a good wind- 
break where it is planted in exposed areas. It is used especially 
along the coast and in the sandy citrus areas of San Bernardino 
County. It is also cultivated as an ornamental tree in many other 
parts of the world. 

The cypress bark scale infests a tnrge percentage of these trees in 
California, causing a great deal of injury, particularly to the 
thickly planted hedgerows (PI. I, figs. 1,2) and windbreaks. In the 
San Francisco Bay region it ranks first among the pests of the 

1 Ehrhornia cupressi (Ehrhorn). Order Hemiptera, suborder Homoptera, family Coc- 

cidae. 

Norr.—An investigation of the injury to cypress trees in California was taken up by 

the writer, at the suggestion of Dr. A. D. Hopkins, Forest Entomologist, in November, 

1916. An examination made of these trees in the vicinity of the Los Gatos laboratory 

disclosed the main cause of the injury to be the cypress bark scale, Hhrhornia cupressi 

(Ehrhorn). This bulletin contains a record of studies of its history, biology, importance, 

and control made during this investigation. 

The writer wishes to acknowledge the assistance of Dr. A. D. Hopkins, Forest Ento- 

mologist; Mr. H. E. Burke, Specialist in Forest Entomology; Prof. R. W. Doane and Mr. 

G. F. Ferris, of the Stanford University Department of Entomology; and Mr. George P. 

Gray, of the University of California Insecticide Laboratory, all of whom offered helpful 

suggestions during this study. Mr. R. D. Hartman assisted in the control experiments. 
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Monterey cypress. The insect is extremely difficult to control—a 
fact which makes it a very disagreeable and harmful pest. 

HISTORY. 

The cypress bark scale was first described in 1911 as Sphaero- 
coccus cupressi by Mr. E, M. Ehrhorn* who collected it at Niles and 
San Jose, Calif., as early as 1903, and at Belvedere, Calif., in 1908, 
in the bark crevices of Monterey cypress. The next mention of this 
insect was in the report of the Selby Smelter Commission in 1915, 
when Mr. J. W. Blankinship ? and Prof. R. W. Doane? reported it as 
one of the factors causing the death and dilapidation of the Mon- 
terey cypress in the Selby smoke zone. In October, 1918, Mr. G. F. 
Ferris,? with the writer’s approval, erected a new genus, Ehrhornia, 
for this species, for it certainly was not a Sphaerococcus. Although 
an important shade-tree pest, no discussion of this insect has ap- 
peared in print otherwise, except for a short note by the writer * on 
its damage and distribution. 

This coccid has no synonyms, having been listed under the name 
Sphaerococeus cupressi until the new genus, Ehrhornia, was erected 
in 1918, with cupressi as the type. 

NATIVE HOST PLANT. 

This scale insect could not be found at Cypress Point or Point 
Lobos, Calif., the only localities where the Monterey cypress is 
native, which showed quite conclusively that this tree was not the 
native host. 

On November 9, 1917, the cypress bark scale was found infesting 
some planted trees of Arizona cypress (Cupressus arizonica) at San 
Jose, Calif., although it has not at the present writing been found 
on the native cypress in Arizona. 

On December 6, 1917, this insect was found by the writer infesting 
one incense cedar (Libocedrus decurrens), and later several more 
trees, on the Stanford University campus. Later, the native incense 
cedars at Placerville, Calif., were examined. A number of them 
were found infested. They were several miles from any planted 
cypresses, which, moreover, were not infested. 

Later, the cypress bark scale was found upon incense cedar at 
Ashland, Oreg., by Mr. Albert Wagner, of the United States Bureau 
of Entomology; at Crockers, Calif., by Mr. G. F. Ferris; and at 

1EHRHORN, E. M. NEW COCCIDH WITH NOTES ON OTHER SPECIES. In Can. Ent.. v. 
43, no. 8, p. 275-280. (Figs. 3, 3a, b, ¢c.) 1911. 

2 HoumsEs, J. A., FRANKLIN, E. C., GOULD, R. A. REPORT OF THE SELBY SMELTER COM- 

Mission. U.S. Dept. Int., Bur. of Mines, Bul. 98, p. 381-597; 428-450. 1915. 

8 FERRIS, G. F. NOTES ON coccIDm™ II. Jn Can. Ent. v. 50, no. 10, p. 3238-3832. 1916. 

*MONTHLY LETTER OF THE BUREAU OF ENTOMOLOGY, U. 8S. Dept. Agr., no. 46, p. 5. 

February, 1918. 
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Stirling City and Giant Forest, Calif., by the writer. These localities 
are all from 75 to 150 miles apart and from 5 to 50 miles distant from 
any planted cypress. This seems to indicate that the incense cedar is 
the native host for this scale insect. 

Mr. G. F. Ferris reports finding this scale insect upon herbarium 
specimens of Guadalupe cypress (C. guadalupensis) in the Stanford 
University herbarium, collected on Guadalupe Island, Mexico. It is - 
impossible at present to state whether this is one of the native hosts 
of the scale, or whether the scale has been carried there from the 
mainland. 

DISTRIBUTION AND SPREAD. 

Incense cedar, the original host plant of the cypress bark scale, 
occurs in California, Oregon, western Nevada, and Lower California. 
The majority of these trees are found in the Sierra Nevada and 
northern coast range mountains of California, and in the Siskiyou, 
southern coast range, and Cascade Mountains of Oregon. 

The cypress bark scale has been found at four widely separated 
points in the Sierra Nevadas (Stirling City, Placerville, Crockers, 
and Giant Forest, Calif.) and at one point in the Siskiyou Mountains 
(Ashland, Oreg.), which indicates that the scale undoubtedly occurs 
throughout the major portion of the range of the original host. 
From this host the scale insect has spread to planted incense cedars 

and cypresses in the more thickly populated regions of the State. 
Two probable methods of distribution are suggested. 

The cypress bark scale has been found to thrive on very young 
trees. Incense cedar seedlings occasionally are brought down from the 
Sierra Nevadas by tourists to plant in their own yards, and it is quite 
possible that the scale was carried to the valley on some of these 
trees. Rustic incense cedar is also transported from the Sierra Ne- 
vadas to be used quite extensively for pergolas and porch pillars- 
Ordinarily this would be done during the summer, which is the re- 
productive period for the scale insect. As the females can live for 
some time on green logs, it would be very easy for the young larve, 
hatched en route or after the logs have reached their destination, to 
attach themselves to near-by cypress trees, and thus start a heavy 
infestation in a new location. 
From these original points of infestation the pest has spread 

through large areas. This has been accomplished for short distances 
by the usual agencies of wind, birds, insects, etc., and for longer dis- 
tances by the shipment of infested nursery stock. The insect has been 
found by the writer infesting cypress seedlings in nurseries. Close 
planting of shade trees, hedges, and windbreaks undoubtedly aids in 
its rapid spread by natural means. 
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The scale insect, besides being distributed on the incense cedar, has 
now spread until it occurs on a large percentage of the cypress trees 
and hedges in almost every locality about San Francisco Bay, par- 
ticularly on the San Francisco Peninsula, in the Santa Clara and 
Livermore Valleys, and north of the bay in Solano, Marin, and So- 
noma Counties. It has been found in one locality, Riverside, in south- 
ern California, where a great many trees are planted for windbreaks, 
It is also to be found on Guadalupe Island, Mexico, as it was recently 
taken from herbarium specimens of Guadalupe cypress collected on 
this island. 

The accompanying map (fig. 1) indicates the localities in which 
the cypress bark scale has been found to date, as well as the range 
of incense cedar and Monterey cypress. There are many localities 
within the range of cypress and incense cedar, which the writer 
has not yet visited, in which the scale insect will probably be 
found, when investigated. In all probability it eventually will infest 
all planted cypresses unless radical measures of control are adopted. 

Since it has been found that the cypress bark scale can live on 
Arizona cypress, it is possible that it may- spread to that host in 
Arizona and Mexico, or it may even be able to adapt itself to closely 
related hosts and spread throughout the country. 

INJURY. 

Injury to the tree is caused by the myriads of insects which are 
to be found in every crack and crevice of the trunk, branches, and 
twigs, each sucking out the plant juice through its long thread-like 
mouth parts. Under each scale may be found a small brown ring 
in the cambium, showing the tissue killed by each individual. 

There is no secretion of honeydew, except for a small amount by 
the young larvee, and only a slight formation of black sooty fungus 
about these insects, but a secretion of white cottony wax pro- 
truding from the bark crevices and covering the twigs gives abundant 
evidence of their presence (PI. II). 

First a limb or two on an infested cypress turns yellow, then 
red or brown, giving the tree (Pl. III) a scraggy appearance. This 
appearance often starts near the top of the tree and works down 
toward the center, or perhaps spreads from one limb to the rest until 
the whole tree is dead. Quite often the trees are dug up or felled 
before this final stage is reached; others are left to mar the land- 
scape until they rot and fall. 

In hedges, yellow and red spots appear, which increase finally 
to large proportions, leaving wide gaps of dead material which 
eventually destroy the beauty of whole hedges. One hedge in 
Livermore, nearly a half mile long, was infested and dead or dying 
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Fig. 1—Map of distribution of the cypress bark scale. 
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for its full length. Young hedges but 3 or 4 years old have been 
found infested and some of the trees dead even before the hedge 
has become of any particular use or ornament. 

Windbreaks with an opening here and there, caused by the death 
of a tree or group of trees, are not nearly as efficient as they would 
be otherwise. . 

Tn the drier regions of the State the injury is more apparent than 
in the fog belt, where the tree seems to be much more thrifty. In 
the former regions the cypress is not a long-lived tree, and when in- 
fested death is hastened considerably. 

Trees occasionally are found that are heavily infested, yet quite 
normal in appearance. It is believed that such trees have only re- 
cently been infested, and will eventually show the effects of this slow- 
working insect. 

In some localities in central California there is hardly a respect- 
able row of trees or hedge left to greet the eye. At Los Gatos many 
trees have died and very few remain which are not now infested. 
About San Jose, Livermore, Benicia, etc., there are also heavy in- 
festations. 

INJURY IN THE SELBY SMOKE ZONE. 

The “Selby smoke zone” is an area extending for nearly 10 miles 
along the Carquinez Strait, between San Pablo and Suisun Bays. 
The Selby smelter is located on the south side and at the west end of 
this strait. The prevailing winds are from the west and southwest, 
thus blowing the smelter smoke across the strait onto the territory 
between Vallejo and Benicia. 
In this area there has been considerable complaint of damage 

done to different trees and plants by this smoke. Many of the Mon- 
terey cypresses in this territory are dead or dying. Examination of 
these trees and plants by specialists of the Selby Smelter Commis- 
sion has proved that insects and fungi are responsible for part, at 
least, of the damage. 

The writer has examined Monterey cypresses in certain parts of the 
smoke zone and has found the scale insect abundant. In the Benicia 
Cemetery, practically 100 per cent of the trees were found infested 
and a large percentage were dead or dying. According to Prof. 
Doane, this cemetery, although infested in 1918, contained but few 
dying trees. Probably at that time the infestation was rather re- 
cent, but has gained headway since. 

In the writer’s judgment, the cypress bark scale is the main factor 
causing the unsightly and dying condition of these trees. One need 
only see the condition of the cypresses in the Livermore and Santa 
Clara Valleys to reach this conclusion. 
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ASSOCIATED INSECTS. 

‘The cypress bark scale is by no means the only enemy of the 
cypress. The cypress barkbeetles (Phloeosinus cupressi Hopk. and 
P. cristatus Lec.) are important primary insects, causing the death 
of a considerable number of trees, and perhaps ranking first among 
the pests of the cypress in California, considering the State as a 
whole. In the San Francisco Bay region they must, however, take 
a place second to the scale in point of damage done. 
Many people throughout the State have considered the beetles as 

the only enemies of the cypress, and, when noting the death of a 
tree, have taken it for granted that the beetles were the primary 
cause, without bothering to investigate properly. The entire foliage 
of trees killed by the beetles turns first yellow, then brown, and is 
much more conspicuous than the foliage of a tree being killed by 
inches by the scale insect. The presence of the beetles is also more 
easily detected. 

At times the beetles have been found working independently of 
other insects, and killing trees. For example, at San Carlos, on the 
San Francisco Peninsula, the beetles have been killing several trees 
per year for a number of years. In the spring of 1918 they were 
found entering the green trunks of live trees and girdling them. 
Other trees showing the work of Phloeosinus, dead one or two years, 
stood near by. The recently attacked and the unattacked trees were 
apparently very healthy. 

The beetles are often secondary pests, entering trees well infested 
and weakened by the scale insect. At Martinez, Calif., in January, 
1918, a row of 12 trees was heavily infested with the scale insect. 
Three of these had been recently killed by barkbeetles. On Alum 
Rock Avenue, San Jose, Calif., there is a long double row of 
cypresses, all of which are heavily infested with the cypress bark 
scale and practically all of which have a sickly appearance. Here 
the barkbeetles attack an occasional tree, or a section thereof, and 
hasten its death. They also impair the beauty of the trees by 
entering into the center of small twigs and weakening them, so that 
the wind breaks them off. When gathered together, the twigs from 
one tree formed a pile 24 feet high and nearly as broad. There 
were also many twigs still hanging broken in the tree. The injury 
to cypresses by these beetles will be treated separately in a later 
paper. 

Three species of mealybugs, Pseudococcus ryani Coq., P. sequoiae 
(Coleman), and P. cupressicolus Ferris, also infest cypresses and 
occasionally do some damage. 

Other associated scale insects are Xylococcus macrocarpae Cole- 
man, Lecaniwm corni Bouché, Diaspis carueli Targ., Aspidiotus 
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hederae (Vallot), and Aspidiotus ehrhorni Coleman. Noné of these 
have been noted doing any considerable damage. - 

Still other associated insects of various orders are: Phymatodes 
nitidus Lec., Atimia confusa Say, Trachykele blondeli Mars., the 
cypress moth (Argyresthia cupressella Wals.), the cypress cone- 
borer (Cydia cupressana Kear.), a horn-tail wasp (Sirea californi- 
cus Ashm.), the arborvite plant-louse (Lachniella tujafilina Del 
Guer.), and an undetermined tussock moth. 

FOOD PLANTS. 

The known food plants of the cypress bark scale are: Monterey 
cypress (Cupressus macrocarpa Hartw.), Arizona cypress (C. ari- 
zonica Greene), Guadalupe cypress (C. guadalupensis Wats.), and 
incense cedar (Libocedrus decurrens Torr.). On one other tree, a 
deodar cedar (Cedrus deodara Loud.), at Santa Rosa, Calif., a dead 
male was found in its cocoon. 

It seems strange that the scale insect should not occur on all 
species of cypress if it-will infest two trees as different as Monterey 
cypress and incense cedar, yet Italian and Oriental cypresses, two 
varieties of Cupressus sempervirens, are immune to the attack of this 
insect. They have been found in many instances in close proximity 
to infested Monterey cypresses and entirely free from the scale insect. 
In one case, in the Benicia Cemetery, 27 cypresses formed a square 
about a plot. Two-thirds of these were Monterey cypresses, with 
every third tree an Italian cypress, touching a Monterey cypress on 
each side. Every Monterey cypress was infested and dead or dying, 
while not a scale could be found on the Italian cypresses. 
Specimens of Himalayan cypress (C. torulosa Don.), Macnab cy- 

press (C. macnabiana Murray), funeral cypress (C. fumebris Endl.), 
Sargent cypress (C. sargentii Jepson), and Port Orford cedar 
(Chamaecyparis lawsoniana (Murr.) Parl.) have been examined, 
although not in large numbers, within the infested areas, and no 
cypress bark scales could be found upon them. 

DESCRIPTION.1 

THE EGG. 

Egg (Pl. IV, A), immediately after being deposited, regularly oval, smooth, 

and shiny, of a-transparent pale yellow color, with eyes of embryo visible 

through membrane as two dark spots near ene end. Average length of seven 

eggs 0.84; mm.; width 0.14. 

LARVA. 

FIRST INSTAR. 

Young larve (Pl. IV, B) of both sexes alike. Pale yellow in color, with 

long, flat, oval bodies 0.43 mm. in length, 0.20 mm. in width. Antenne (Pl. V, 

1The following detailed description of all stages from the egg to adult, both male and 

female, were made from living and freshly mounted material collected during the study 

of the cypress bark scale. 
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Fic. |1.—A TALL MONTEREY CYPRESS HEDGE, SHOWING MANY DEAD Spots 
CAUSED BY THE CYPRESS BARK SCALE. 

: 

Ht 

Fig. 2,.—A MONTEREY CYPRESS HEDGE KILLED BY THE CYPRESS BARK SCALE. 

THE CYPRESS BARK SCALE. 
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Fic. |.—CHARACTERISTIC INFESTATION ON MONTEREY CYPRESS TWIG, SHOWING 
THE COTTONY EXCRETIONS OF THE CYPRESS BARK SCALE. X 0.4. 

FIG. 2.-CHARACTERISTIC INFESTATION ON THE BARK, THE COTTONY EXCRETIONS 
OF THE CYPRESS BARK SCALE PROTRUDING FROM THE CREVICES. X 2. 

Fic. 3.—THE DRY OUTER PORTIONS OF THE BARK REMOVED, REVEALING THE 

FEMALES OF THE CYPRESS BARK SCALE UNDERNEATH. X 4. 



PLATE III. Bul. 838, U. S. Dept. of Agriculture. 

Fic. |.—A MONTEREY CYPRESS WHICH IS NEARLY DEAD FROM THE WORK OF 
THE CYPRESS BARK SCALE. 

Fic. 2.—A ROw OF MONTEREY CYPRESSES, ALL OF WHICH ARE PRACTICALLY 
DEAD FROM A CYPRESS BARK SCALE INFESTATION. 

THE CYPRESS BARK SCALE. 
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THE CYPRESS BARK SCALE. 

A, Egg (X 55); B, larva, first instar (x 85); C, female larva, second instar (x 55); D, adult 

female (X 55); EF, portion of bark removed, showing adult female depositing eggs, the eggs 

hatching, and the larva crawling away. 
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A, 2) six-segmented, first segment broadest, sixth longest. Normal antennal 

formula as follows: 6, 1, (2, 4, 3, 5). Joints 2, 3, 4, 5 subequal and variable, 

thus causing various formule. Antenne rather hairy. Fifth segment bearing 

one broad spine, while four occur on sixth segment. Eyes marginal, set a 

short distance behind antenne. Legs rather short and stout. Tarsus slightly 

longer than tibia, the two combined slightly longer than femur and trochanter 

combined. Legs rather hairy, tarsi bearing four knobbed digitules. Usual 

coccid sucking mouthparts present. About 26 trilocular pores set rather 

regularly about margin and two longitudinal rows of the same type on dorsum 

of insect. Caudal sete (Pl. V, B, 1) prominent, rather stout, and about 140 u 

long; borne on small inconspicuous anal lobes. Anal ring bearing six sete, 

noticeably longer than in later stages. A number of short spines scattered over 

body. : 
SECOND INSTAR. 

Immediately after the first molt some differences between the sexes can be 

detected under the microscope. Toward the end of the second stage an ex- 

ternal difference can be observed in the shape, the female being broader than 

the male. 

Female larva (Pl. IV, C) about 0.84 mm. long and 0.51 mm. wide, oval in out- 

line, yellowish brown in color. Legs and eyes similar to those of first-stage 

larva. Antenne very similar except that sixth segment bears only two broad 

spines. Caudal sete (PI. V, B, 3) much shorter, being only 37 long. Anal ring 

still bearing six hairs, also shorter than in preceding stage. A larger number 

of tubular wax ducts, varying from 40 to 75, to be fgund on dorsum, particularly 

abdomen, and on lateral margin. Also a number of trilocular pores and small 

spines scattered over body. 

Male larva (Pl. VI, A) about the same length but narrower than female; 0.85 

mm. long by 0.48 mm. wide. Color yellowish. Caudal sete twice as long as 

those of female, half as long as those of first-instar larva, 754. Six anal hairs, 

in length equaling diameter of anal ring; longer than those of second-stage 

female, but shorter than those of first-stage larva. Pores of male larva very 

inconspicuous (Pl. V, D, 2), smaller than those of female. Small quinquelocu- 

lar type pores scattered over both dorsum and venter of body. Small tubular 

ducts found mostly on margin. Small spines also present. 

ADULT FEMALE, THIRD INSTAR. 

Body (Pl. IV, D) nearly circular and quite convex, the width exceeding the 

depth and the length exceeding the width. Average length 1.45 mm., average 

width 1.35 mm. General color reddish brown. Anterior half of body quite 

heavily chitinized, particularly on margin. Derm smooth. 

Antenne (Pl. V, A, 3) no longer marginal, but occurring on ventral side of 

body, six-segmented, slightly longer, averaging 144 yw, but similar to those of 

second-instar larva, bearing only two of the four spines found on sixth segment 

of first-instar larva. As in larva antennal formula varying considerably, of 

practically no value. Average formula as follows: 6, 1, 3, (5, 2, 4). Eyes 

lacking. 

Legs (Pl. V, C, 1) short and stout. Tibia and tarsus (Pl. V, C, 2) subequal, 

being together slightly shorter than trochanter and femur combined. Leg bear- 

ing a few hairs and tarsus bearing four knobbed digitules. Usual coccid mouth- 

parts present. Large tubular ducts (Pl. V, D, 1) occurring on margin and 

dorsum of body. Small trilocular pores and fine spines scattered over body, 

particularly on abdomen. Anal ring (Pl. V, B, 4) occurring on ventral side of 

body, small, simple, and with six small sete or hairs. A pair of small caudal 

setz one on each side of anus. Anal lobes absent. 

150829°—20—Bull. 8838-2 
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MALE PREPUPA. 

With the second molt, the male larva assumes the form of a partly’ developed 

pupa, called the prepupa (Pl. VI, B). Form elongate oval; length 0.93 mm., 

width 0.50 mm. Color pale glassy brown, eyes black. Antenne short, reaching 

to base of anterior legs and now indistinctly 10 segmented. Wing pads very 

short, curving under body to middle pair of legs. Anterior legs reaching for- 

ward, covering “ face,” the two posterior pairs lying against abdomen. Mouth 

parts wanting. Segmentation of thorax indistinct. Prepupa incapable of move- 

ment, except in abdominal segments and anterior legs, which may be feebly 

moved. 
MALE PUPA. 

With the third molt, the male becomes a true pupa (PIL VI, C), greatly re- 

sembling the adult male, except for the lack of anal wax filaments, and the 

possession of wing pads instead of wings. General color light brown, head and 

large, conspicuous wing pads paler, legs and antenne glassy white, eyes black. 

Antenne distinctly 10-segmented and longer, reaching to base of middle pair 

of legs. Wing pads appressed to sides of body and extending posteriorly to 

second abdominal segment. Legs capable of some movement, anterior pair 

extending beyond the head; middle femora placed transverse to and extending 

beyond lateral margin of body, rear pair inclining posteriorly. The larval eyes 

have disappeared, and have been replaced by one dorsal and one ventral pair. 

Mouth parts replaced by an approximate pair of eyes. Length 0.95 mm.; width 

0.45 mm. 

ADULT MALE. 

(BU Vi, Dy Bs) 

Measurements of average adult male: Length of body (exclusive of ap- 

pendages) 0.75 mm.; antenne 0.55 mm.; wax filaments 0.93 mm.; wing ex- 

panse 2.15 mm. General color light brown with paler brown appendages. 

Antenne (Pl. V. A, 1) 10-segmented, rather hairy, first joint short and 

broad, second rather long and broad, others more slender. Antennal formula: 

3, 4, 5, 6, 7, 8, 9 (10, 2), 1. Legs rather long, slender, and somewhat hairy. 

Wings transparent white, slightly iridescent and pubescent. <A veinlike thick- 

ening, beginning at base of wing, branching near base, one branch paralleling 

costal margin, the other extending toward anal distal margin. Club-shaped 

halteres each bearing a hook, which catches in a pocket on anal margin of 

wing. - Abdomen terminating in a short blunt style. Two long white wax 

filaments arising one on either side of base of style, and extending posteriorly. 

Each filament arising from a number of pores which surround base of two 

long slender setz. Sets enveloped by wax filaments. 

SUMMARY. 

As will be noted from the foregoing descriptions, there are three 
instars (excluding the egg) in the female. These all have legs, which 
are not used after the larva is attached. All stages are found in 
crevices or under some covering on the bark and are nearly or com- 
pletely concealed by the enveloping cottony wax. Newly hatched 
first-instar larve may be found crawling actively over the bark 
before attachment. 

There are five stages in the male. The first two stages are found in 
similar positions, but the second stage after becoming full grown re- 
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moves to a dry, secluded spot, where it spins a cocoon in which the 
remaining transformations take place. 

Size and shape are of some use in distinguishing the different 
stages. The female in its second stage is considerably broader than 
the male in the second stage, while both are larger than in the first 
stage. The adult female is more circular than in the preceding stage. 

The antenne of the adult female are slightly longer than the an- 
tenne of second-stage larvee, while the latter are slightly longer than 
those of the first-stage larve. All are very similar, however, the 
only distinguishing character being that the first-stage larva possesses 
two more broad spines on the sixth segment. 

The three pairs of legs on each individual are alike, nor is there 
any difference between the larve and the adult female, except a very 
slight one in the relative lengths of the femur, tibia, and tarsus. Mr. 
Ehrhorn’s figures indicate a difference in the arrangement of the — 
hairs and digitules, which the writer has been unable to detect. 
There is a very small, scarcely discernible, tooth or. “denticle” on 
the face of the claw in all these stages. 

The caudal sete give good characters for the separation of the 
different stages. On the first-stage larva they are about 140 microns 
long; on the second-stage male they are about half as long, 75 mic- 
rons; those of the second-stage female half as long as the latter, 37 
microns; and those of the adult female very much shorter still. The 
length of the setz on the anal ring also decreases in the same ratio. 

Simple marginal eyes are present in all the larval stages, but 
not in the adult female. Mouth parts are present in all stages, except 
in the male prepupa, pupa, and adult. 

Four spiracles are present in all the larve and the adult female, 
one behind each of the four forward legs. In the larve they appear 
as simple tubes, and more as large chitinized circles in the adult 
female. 

There are several types of pores found on the derm of the scale 
insect, which aid in distinguishing the different stages. The small 
sessile pores are of two types, viz., “trilocular” (Pl. V, D, 4) and 
“ quinquelocular” (Pl. V, D, 5). The former are more or less tri- 
angular and contain three cells or loculi. The quinquelocular pores 
are nearly circular, but tend to be five-sided, containing ordinarily 
six loculi, one in the center with five clustered about it. Aside 
from these there are circular pores communicating with internal 
ducts. These are short and tubular, bearing at the inner end a cup- 
shaped depression. All types are presumably capable of secreting 
wax. 

The first-stage larva bears only small pores of the trilocular 
type. These are arranged in a marginal row on each side of the 
body and in two longitudinal rows on the dorsum. 
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On the second-stage female larva are to be found the small tri- 
locular pores scattered over the body, and from 40 to 75 of the large 
tubular ducts on the margin and dorsum (particularly on the ab- 
domen). The pores of the second-stage male larva are of two types: 
The small quinquelocular type which are found all over the body, 
and tubular ducts similar to those of the second-stage female larva, 
but much smaller and less conspicuous, found mostly on the margin. 

The pores and ducts of the adult female are of the trilocular and 
tubular types, the first scattered over the body and the latter occur- 
ring on the margin and dorsum of the body, much the same as in the 
second-stage female larva. 

Small spines (Pl. V, 2,3) are present on all these stages. Viewed 
from above, these spines are likely to have the appearance of cir- 
cular pores, but can be soon distinguished by altering the focus of 
the microscope. 

LIFE HISTORY AND HABITS. 

In the early winter adult females are found containing a few eggs. 
The eggs increase in number and by early spring from 30 to over 100 
may be found within each female. During this time the females 
have increased considerably in size and have become quite heavily 
chitinized on the anterior half of the body. 

OVIPOSITION. 

The embryos in the eggs develop within the body of the female 
until they are about ready to hatch, when they are expelled (Pl. IV, 
£). The female is well surrounded by a cottony secretion, but when 
oviposition is begun the tip of the abdomen is drawn in, leaving a 
space in which the eggs may remain until hatched. After hatching, 
the larve are usually able to find an exit between the cotton and the 
surrounding bark. 

Each female is capable of laying 50 to 100 or more eggs. The 
greatest number of eggs that has been found within a female at any 
one time is 105. The eggs are laid slowly, covering a long period of 
time. They are laid during the warmer part of the day at intervals 
of 7 to 70 minutes. After laying a series of 5 to 10 eggs, the female 
ceases oviposition for a day or so and then resumes it. 

Most of the embryos in the eggs are deposited tail first, about one- 
sixth being deposited head first. The head end of the embryo is 
evidenced by the two black eyes which are visible through the egg 
membrane. By a series of contractions of the abdomen, the egg is 
forced out until entirely free from the body of the adult. These eggs 
are oblong oval when first deposited, but flatten out somewhat be- 
fore the rupturing of the membrane occurs. 
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THE CYPRESS BARK SCALE. 

A, Antenne: 1, adult male; 2, first-stage larva; 3, adult female (same as second-stage larva); 

B, Tip of abdomen, showing anal rings and caudal sete: 1, first-stage larva; 2, second-stage 

male; 3, second-stage female; 4, adult female; C- 1, leg of adult female; 2, tip of tarsus and 

claw; D, Ducts and pores: 1, large pore and tubular duct of adult female; 2, small pore and 

tubular duct of second-stage male; 3, spine; 4, trilocular pore; 5, quinquelocular pore. 
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THE CYPRESS BARK SCALE. 

A, Male larva, second instar (x 50) (Male and female first-instar larve are identical); B, male 

prepupa ( 50); C, male pupa (* 50); D, male adult (« 50); /, male adult ready to emerge 

from cacoon. 
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About 15 minutes after the eggs are deposited, the embryo starts a 
series of convulsions and after considerable struggling ruptures the 
membrane inclosing it. The ruptured membrane is pushed down 
over the abdomen and the larva, which is usually on its back, begins 
waving its legs about in the air. It usually takes this larva 20 to 30 
minutes to free itself from the membrane, and after exercising its 
legs for 30 or 40 minutes it finally gets to its feet and crawls away 
(P1 IV, #). The larva quite often is stuck to the next expelled egg 
and may be held out in space for some time, but the struggles of one 
or the other finally allow the feet of the larva to touch foundation, 
where it soon makes use of them. 

MIGRATION. 

The larve become very active soon after exclusion and begin search- 
ing for a suitable spot upon which to locate. The majority of them 
immediately work down into the bark crevices or under the cottony 
secretions of the parent females, where they become attached. Some 
seem more fastidious than others and travel farther in search of 
newer feeding grounds. Recently hatched larvee when placed upon 
favorable young trees do not travel far, and usually settle down after 
investigating two or three crevices in the bark. 
Larve placed upon paper were able to travel considerable dis- 

tances. (See fig. 2.) The average rate of travel for six larve was 
54.25 cm. per hour, which they were able to maintain for several 
hours. The greatest distance traveled by one larva was 174 cm. in 
two hours. One larva, after traveling 124.46 cm. in four hours, ap- 
parently put its last efforts into trying to pierce the paper with its 
proboscis. Table I gives the time, distance, and rate per hour trav- 
eled by six cypress bark scale larve on black paper for the first few 
hours of their migration. Black paper was used in order to facili- 
tate following the tiny pale larvee in their wanderings. When white 
paper was used the larvee were soon lost. There seemed to be a slight 
phototropism in the case of most larvee, the majority of them finally 
wandering toward the light. 

Taste I.—Record of travel of siz first-instar larve of the cypress bark scale on 

rather smooth black paper. 

2 i F Rate per 
No. Time. Distance. Hour 

Hours. Cm, ¢ 
1 5 109. 22 72.81 
2 a0 143. 51 57.40 
3 4.0 ~ 124.46 Steak 
4 2.0 173.99 86. 99 
5 2.0 142. 24 71.12 

2.0 66. 04 33. 02 
Average. 2.333 126.577 54, 255 
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Larvee isolated in vials, immediately after hatching, lived for two 
and three days. Living for this length of time and traveling at the 
above rate of speed during only the warmer parts of the day, larve 
could go considerable distances in search of proper food. In this way 
larvee are able to migrate from one tree to another in closely planted 
hedges or windbreaks. During this migratory period, larve are also 
likely to be transported short distances by dropping from high 

Fic, 2.—Tracings of five first-instar larve of the cypress bark scale during migration. 

Reduced 5% times. All were started from the same center. 

branches and being carried by the wind, and for longer distances by 
animate agencies, such as insects, birds, and animals. 

ATTACHMENT. 

As soon as a larva finds a suitable crevice or a protected area in the 
bark, it thrusts its proboscis into the bark tissues, where it remains 
permanently. Larve have not been known to remove themselves 
from this first location to another after once becoming attached. 
Larvee which have become detached somewhat later in life are able 
to crawl about feebly, but finally die without being able to attach 

Bigs 
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themselves again. Although the legs are retained throughout the 
- full lifetime, they are of no further use to the female larva except 

to aid in removing the cast skins when molting. 
Larvee will attach themselves on twigs as small as one-fourth inch 

in diameter and on trunks a foot or more in diameter, provided the 
bark is not too thick to be pierced with their proboscides. A few scale 
insects have been found infesting the smooth trunk of seedlings less 
than one-half inch in diameter, but rough bark is essential to a heavy 
infestation. The deeper the larve are able to go into the crevices the 
more satisfied they appear to be. They have been found so well 
secreted in crevices that it would seem there was no room left for 
their future growth, and much less any chance of mating, particu- 
larly after being enveloped with a white flocculent secretion. 

LARVA. 

FIRST INSTAR. 

Immediately after attachment the larva begins enveloping itself 
with this white cotton until entirely hidden from view. A drop 
of honeydew, resembling pitch, is emitted by some larve, especially 
on vigorous trees, during the first few weeks after attachment. 

Growth starts immediately after attachment and is practically 
constant throughout the whole instar. The larva at the end of the 
instar is very similar to those just hatched, except that the former 
are larger, somewhat broader in proportion to their length, and 
slightly darker in color. 

At the end of the first instar, the larva molts, the skin being pushed 
down off the tip of the abdomen. From 40 to 44 days were required 
to complete the first instar in the few cases observed. 

SECOND INSTAR. 

There is very little development during the second stage. The 
female larva secretes more waxy cotton and changes in size and shape 
until it resembles the adult female. After a period of from one to 
two months the second molt occurs and the larva becomes an im- 
mature adult. 

The male larva increases in size and becomes yellowish white in 
color. It takes on a firmer and trimmer appearance. After a slightly 
shorter time than that required by the female larva, the male larva 
detaches itself and crawls about in search of a favorable place in 
which to pupate. It may pick a spot under some cotton or in a curl 
of the outer bark. Cocoons have also been found in the cast skins of 
coccinellid larve and in the ruptured bodies of dead female scale 
insects. 
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Here the male larva proceeds to spin a cocoon, secreting cottony 

wax from the small ducts which occur on both the dorsum and venter 
of the body, turning over and over in the operation. The cotton se- 
creted is finer than that secreted by the female larva, as would be 
expected because of the smaller ducts on the male. 

It requires three or four days to complete the cocoon. After a day 
or two of inactivity, the larva molts to a prepupa, pushing the cast 
skin out through a slit which is in the rear end of the cocoon. 

MALE PREPUPA AND PUPA. 

The male from now on is without mouth parts, and during this 
dormant period is an inactive creature, capable only of feebly waving 
its front legs and wriggling its abdomen when disturbed. 

The male remains in this stage from 10 to 15 days, and with this 
molt becomes a true pupa, greatly resembling the adult male. As in 
the previous stage, the pupa is inactive. Normally the same length 
of time is required for this stage as for the previous one. A few 
pupe have been found hibernating in the colder Sierras. 

ADULT. 

MALE. 

When the pupal skin is cast, the male’s wings are extended to their 
full size and then folded, one over the other, upon its back. As soon 
as the wax filaments have grown to their full length, which requires 
from 80 minutes to several hours, the male backs out of the cocoon 
and becomes very active. It immediately begins searching for a mate. 
The length of life of the male is never more than one or two days 
and death occurs very soon after mating. 

FEMALE. 

The color of the female becomes darker after the second and last 
molt, and upon becoming heavily chitinized is a dark reddish brown. 
After mating the body increases considerably in size, becoming nearly 
globular. Inside the female’s body may be found a large number of 
eggs in different stages of development. The body still is covered 
quite thoroughly with cotton and deeply hidden in the bark crevices. 
Upon becoming an adult a new supply of coarser threads of wax is 
excreted. After depositing the eggs, an act which covers a consider- 
able period of time, the female shrivels and dies, nothing but the 
chitinized skin remaining. If the host plant is still alive, this vacancy 
is soon filled by a female of the next generation. 

SEASONAL HISTORY. 

(Fig. 3.) 

There is but one generation per year, the limits of which are not 
very definite. The males appear in the fall, being most abundant in 
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October and November. These mate and die ina few days. At this 
time most of the females have cast their last skin and are about one- 

half grown. 
The winter is passed as adult females, with no very definite period 

of hibernation in the lower altitudes. In the Sierra Nevadas there 
is a more definite period of hibernation and-the generations are more 
even. The female larve become adults somewhat earlier in the fall. 
When the cold weather strikes them, development becomes very slow. 
In December females are found containing a few eggs. These de- 
velop during the winter and early spring. 

Oviposition begins on the first warm days of spring and lasts 
throughout the summer, beginning about April 1 and terminating 
the latter part of September. In the fall the females, having com- 
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Fie. 3.—Seasonal history diagram of the cypress bark scale. 
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pleted oviposition. shrivel and die. By this time the young females 
of the next generation are quite well developed, thus assuring the 
presence of adult females during the whole year. 
The larve issue from the eggs 30 or 40 minutes after deposition 

and soon attach themselves. Larve of the first instar may be found 
from April to the middle of October, second-instar larve from the 
middle of May to the middle of November, and adult females from 
about September 15 to the following September. Male prepupe 
and pupz may be found in September, October, and November, and 
adults in October, November, and December. A male pupa was 
found hibernating in the Sierra Nevadas. A few scattering first 
and second stage larvee may be found during the winter in the milder 
climate near the coast. 
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PREDACIOUS AND PARASITIC ENEMIES. 

There are several coccinellids which aid in the control of the 
cypress bark scale. None of them is aggressive enough, however, 
to affect its abundance very materially. 
A very small ladybird, Nipus biplagiatus Casey (fig. 4), is the 

most abundant and widespread enemy of the scale. This is a sturdy 
little beetle, about 1.3 mm. in length, brown- 
ish black, with a lighter amber spot in the 
center of each elytron. It is generally present 
wherever the scale insect is to be found. On 
one side of a cypress limb in a space 34 by 24 
inches (84 square inches), there were found 
46 specimens of this coccinellid and in certain 
parts of this area there were as many as four 
beetles to the square inch. There were un- 
doubtedly still more out of sight under the 
bark scales. Very few of the larve of this 

Fig. 4.—Nipus biplagiatus, Heetle were seen but this may be accounted for 
a coccinellid enemy of the : c Q 

cypress bark scale, x 25. by their extremely small size and their pale 

brown color. 
A small black nitidulid beetle, Cybocephalus californicus Horn 

(fig. 5), is very abundant and is sometimes confused with the above 
coccinellid. It is, however, slightly smaller, shiny black, with more 
delicate legs, and of a more compact globose form. This beetle has 
not been seen actually feeding upon the scale insect, yet it is believed 
to be an aggressive predacious enemy. It is 
always found about the scale insect, and often 
with its head in the bark crevices as if feeding 
upon the scale insect. The larva of this 
beetle is small and white and not easily found. 

The twice-stabbed ladybird, Chilocorus bi- 
vulnerus Muls., is an abundant and agegres- 
sive predator upon the cypress bark scale. 
This beetle is often found upon cypress, feed- 
ing upon this insect pest. y i eae uae eae ee 

The common black-spotted red ladybird, tle always found about the 

Hippodamia convergens Guérin, has been  ‘¥Press bark scale. X 25. 
found a few times feeding upon the scale. As this beetle breeds in 
great numbers in the Sierra Nevadas, it probably feeds upon the scale 
on incense cedar in its native haunt. 

Larve of the common brown lacewing, Sympherobius angustus 
Banks, are often found feeding upon the cypress bark scale and 

aiding materially in retarding its increase and spread. 
A few specimens of a anal hymenopterous parasite have been 

reared from caged material of this scale insect. Tt can not, however, 

eat 
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be considered as of any importance, because of its great scarcity. In 
all the writer’s observations but three scale insects have been found 
with punctures in them, from which parasites have escaped. Two of 
them were from Monterey cypress and one from incense cedar in 
the Sierra Nevadas. The scarcity of this scale insect in the Sierras 
would indicate that a parasite was quite active upon it. If such is 
the case, it has not as yet been noted. 

CONTROL EXPERIMENTS. 

A series of experiments was undertaken in order to find one or 
more materials capable of reducing the numbers of this very harm- 
ful pest. Only those sprays were experimented with which would 
be able to penetrate well into the crevices of the bark, where many of 
the scales were located. Oil sprays are the only ones which meet 
these requirements, consequently no others were tried. The oil sprays 
are capable of penetrating and creeping into all the tiny cracks and 
crevices of the bark when properly applied. The higher the gravity 
of oil used, the better is the penetration. 

First, crude-oil emulsion was used, but, being a low-gravity oil, it 
was unsatisfactory. Next, distillate emulsion was used and, being of 
somewhat higher gravity, was more satisfactory, but still did not 
kill more than 40 per cent of the scale insects. Miscible oil No. 1 
was next used, being of about 28° Baumé gravity. This used in a 
124 per cent solution was quite satisfactory, destroying from 75 to 
90 per cent of the scale insects. A well-known washing powder was 
tried as an emulsifier with both the emulsion and the miscible oil, 
but proved of no value, so its use was discontinued. 

Carbolic sheep dip was tried out, as this was reported to have very 
good penetrating powers. This, however, gave only about 30 per cent 
efficiency and was not used further. Six per cent was the highest 
used with this, as a higher percentage was believed to be dangerous 
to the tree. It also made the lungs of the experimenter quite sore. 

Next, miscible 011 No. 2 was experimented with, for this had the 
very high gravity of 33° Baumé. A 12% per cent solution of this 
proved quite satisfactory, killing a high percentage of the scales and 
‘upon second application destroying virtually 100 per cent. Further 
experiments with this substantiated these results. 

In Table II are recorded all spraying experiments performed 
upon the cypress bark scale. All spraying was done in the warm 
part of the day, generally in the afternoon, when the trees were dry. 
The spray was applied very heavily and thoroughly, every part 
sprayed being completely drenched. In experiments Nos. 19, 20, 
and 21 (small trees) the entire tree was sprayed; in all others only 
the trunk, lower limbs, and foliage were sprayed, as the trees were 
too large to be treated with a hand pump. The cypress foliage 
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appears to be very resistant, for no burning occurred at any time 
from the application of the spray. 

It was discovered that the small larve were much more easily 
killed than the adult females. All larve could not be killed with 
one spraying, however, on account of the long period of hatching. 
The last of the brood were not hatched by the time the first were 
becoming adults; consequently two sprayings were necessary, one to 
exterminate the early hatched larve, the other to exterminate those 
hatched later. 

Taste I]l.—Record of spraying experiments performed upon the cypress bark 
seale. . 

. Per cent 
No. | Date. Formula. ae of Remarks. 

“* lefficiency. 

1918, 
1| Feb. 25 | Crude-oil emulsion, 73 per cen-t-.....-- 6 0 | Inshade. 

2] Mar. 9 | Distillate emulsion, 3 per cent.......-.. 3 0 | Rained that night and fol- 
: lowing 3 days. 

3. |2.-d0:-.2 - Distillate emulsion, 5 per cent.......-- 5 (ee Do. 
4 | Mar. 28 | Distillate emulsion, 6 per cent......-.-- 4 25 | In shade. 
5 | Apr. 10 | Distillate emulsion, 73 per cent......-.- 3 20 | Warm, dry. 
6 dG:2= Distillate emulsion, 74 per cent, and a 20. Do. 

washing powder, 1 pound to 20 gals. 
7| Apr. 24 | Distillate emulsion, 12 per cent........ 2 40 Do. 

8|June 4 | Carbolic sheep dip, 3 per cent........- 3 30 | Hot, dry. 
9 | July 18 | Carbolic sheep dip, 6 per cent.......-.- 2 30 Do. 

10 | Mar. 28 | Miscible oil No. SG Deb Canteen 4 25 | Warm, in shade. 
11 | Mar. 29 | Miscible oil No.1, 6 per cent,and wash- 5 40 | Warm, dry. 

ing powder, 1 to 20. 
12 | Apr. 24 | Miscible oil No. 1, 124 per cent_.....--.. 2 a5 Do. 
13 |...do.....| Miscible oil No. 1, 124 per cent, and 

washing powder, 1 to 20. 2 40 Do. 
14 | Oct. 7 | Miscible oil No. 1, 124 per cent......... 2 90 a dry: repeat on 

No. 12, 
15 |...do.....| Miscible oil No. 1, 8 per cent.........-. 2 75 eae dry; repeat on 

No. 11. 
16 | July 18 | Miscible oil No. 2, 124 per cent.....-... 2 75 | Warm, dry; killed 50 per 

cent adults. and 99 per 
cent larve. 

17: |-Oets 7-25. 06 (0 ere a ae eae See 1 75 | Warm, dry; rained 2 days 
ago. 

£8) peetdOsssns| eS Ose tee se eigen cere eane 1 100 | Rained 2 days ago; repeat 
| on 1 tree No. 16. 

IOP MO Gh 926- (See 0 cen es wane aan sae eee 38 80 | Hedge of young trees. 
20) OGG © 281. sac GO sc 3ssecessacseetsseosacsseceee=as 39 80 Do. 
Qk ted orcas | seen Ore 2s Soe area | 1 85 | Repeat on tree No. 38 of 

Experiment No. 19. 

In experiments Nos, 1 to 7, percentages are ofactual oil content, not emulsion content. 

RECOMMENDATIONS FOR CONTROL. 

The following measures are recommended for the control of the 
scale insect. 

Cut out all dying trees or limbs of trees beyond saving and destroy 
them in order to reduce all possible sources of infestation. 

Purchase clean nursery stock for planting. If the stock is infested, 
return it to the nursery and demand clean stock to replace it. 

Most fruit growers now realize that spraying is necessary for the 
maintenance of healthy trees and the production of clean fruit. Most 
people, however, still believe that a shade tree should always be able 
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to take care of itself. One can not hope to maintain healthful, 
vigorous, shade and ornamental trees without proper care and occa- 
sional spraying. 

Infested trees should be sprayed twice in the fall, once in August 
or the first part of September and again in the latter part of Sep- 
tember. This is to kill the larve before they become mature. The 
proper dates to spray may vary slightly in different localities and 
with different seasons, in which case certain phenological events 
may be relied upon. The first spraying should be done when the 
fruit of the French prune (the common variety planted throughout 
the State) becomes blue or first begins to fall from the tree. The 
second spraying should be done from one to two weeks after the last 
prunes have been harvested. If but one application is attempted, 
spray in the middle of September or when the maximum number of 
prunes are falling from the trees, as this would be the best time to 
kill the greatest number of larve. 

The only satisfactory material to be used is a 124 per cent solution 
of a high gravity miscible oil (33° Baumé). The proportions are as 
follows: 

Put the requisite amount of oil in the pail or barrel to be used and add about 

one-fifth that amount of water. After some stirring this will become a thick 

creamy liguid, whereupon the remaining amount of water may be added with 

constant stirring. This should be continually agitated while being applied. 

The ordinary barrel or bucket pump will serve very well in apply- 
ing the spray to small trees. A good power apparatus, however, is 
necessary in order to compel the spray to reach to the top of large 
trees or to penetrate through the heavy foliage of thick hedges. 

Thoroughness of the application can not be overemphasized. It 
is absolutely necessary for successful control. See that the spray 
comes in contact with every twig and that all the larger limbs and 
trunks are thoroughly drenched. 
When planting trees not intended for trimmed hedges or wind- 

breaks, leave a wide space between each individual. It is a common 
fault to plant all sorts of trees too closely. Cypresses planted purely 
for ornament should be fully 40 or 50 feet apart. Trees already 
planted can be thinned out to this distance. This will retard the 
spread of the insect and give more nourishment to each tree left. 
The addition of fertilizers and water about the base of infested trees 
will also aid in overcoming the effects of the scale insect. 

In badly infested regions it is not advisable to replant cypresses. 
There are many other species of trees which are less prone to infesta- 
tion and are just as ornamental, which should be planted. There are 
other trees and plants, also, which make effective trimmed hedges. 
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The common privet (Ligustrum vulgare Linn.) forms an admirable 
hedge. The holly-leaf cherry (Pruius ilicifolia Walp.), Atriplex 
canescens James, and Pittosporum spp. also are recommended.  Pit- 
tosporum, however, is subject to attacks from scale insects which are 
just as difficult to control as the cypress bark scale. The Oriental 
and Italian cypresses form quite effective coniferous hedges, the lat- 
ter being tall and slender. Certain forms of red cedar (Juniperus 
virginiana Linn.) are used as trimmed hedges in certain sections of 
the United States. If this proves to be immune to the scale insect, 
it should be a very good substitute for the Monterey cypress. 

SUMMARY. 

The main cause of the browning and death of so many cypress 
trees, hedges, and windbreaks throughout California is the cypress 
bark scale, Phrhornia cupressi. 

It was found in the course of a thorough investigation that the 
scale insect was not a native of the Monterey cypress, but of the 
incense cedar which occurs in the mountains of California, Nevada, 
and southern Oregon. From this host it has probably spread to 
the Monterey cypress by the transportation of incense-cedar seedlings 
or rustic timber to the regions infested. 

The characteristic injury caused by this insect begins to show on 
one or two limbs and slowly spreads to the rest of the tree. The 
foliage turns first yellow, then red or brown, giving the tree a very 
dilapidated appearance. After a few years the whole tree dies. 

The food plants of the cypress bark scale are Monterey cypress, 
Arizona cypress, Guadalupe cypress, and incense cedar. 

The larve are small oval bodies, pale yellow in color, which are 
active for a short time after hatching. They attach themselves in 
crevices of the bark and are soon enveloped in a white cottony secre- 
tion. As they reach maturity they become reddish-brown in color 
and nearly spherical in shape. 

Oviposition begins in the spring and lasts throughout the summer. 
The eggs hatch into larvee in less than an hour and soon attach 
themselves. The females reach maturity in the fall and hibernate 
over the winter, starting oviposition in the spring. The males ap- 
pear in the late fall or early winter to mate and die. 

There are several insects which prey upon the cypress bark scale, 
none of which, however, is abundant enough to control the scale 

insect. Consequently remedial measures have to be adopted. A 124 
per cent solution of a high-gravity miscible oi] is the spray recom- 
mended. To obtain complete control it is necessary to spray twice 
in the early fall, once in August and once in the latter part of 
September. 



ADDITIONAL COPIES 

OF THIS BULLETIN MAY BE OBTAINED FROM 
THE SUPERINTENDENT OF DOCUMENTS 

GOVERNMENT PRINTING OFFICE 
WASHINGTON, D. C., 

AT 

10 CENTS PER COPY 

V 





-_ UNITED STATES DEPARTMENT OF AGRICULTURE 

BULLETIN No. 839 
Contribution from the Bureau of Chemistry ‘q al y A 

: CARL L. ALSBERG, Chief J 

Washington, D. C. Vv April 23, 1920 

MICROSCOPICAL EXAMINATION OF FLOUR. 

By Georee L. Keenan, Microanalyst, and Mary A. Lyons, Microanalyst, 
Microchemical Laboratory. 

CONTENTS. 

Page. | Page. 

Review ofliterature.............-.. SR arse 1 | Examination of commercial grades of flour. -- 16 

Purpose ofinvestigation............---.-..-- 3 | Examination of experimental series of flour. 29 

Microscopical method ..............---------- SASS UTMIMB EY Se Are sea cnicesnciee eerie ce snauetare 31 

Sources of variation in method.............- bia] ppb Mogra ph yep eceee saan eee eee 32 

Examination of mill stocks...........-....- 11! 

REVIEW OF LITERATURE. 

A review of the literature has shown very few methods for the 
microscopical examination of flours. In the great majority of the 
methods found, suggestions are offered for the separation of the 
wheat tissues from the starch material and the subsequent examina- 
tion of the offal under the microscope. The results obtained from 
such microscopical examination, however, are only roughly indicative 
of the offal that may be present. 

The work of Delaye (5)! was concerned largely with the detection 
of foreign spores in flour and also with the presence of ergot. Girard 
(7) suggested the separation of the gluten from the starch and im- 
purities by forming the flour into a cake and washing it with running 
water. The starch and impurities were separated with a fine sieve, 
and the offal particles examined under the microscope. Kraemer 
(11) has offered a quantitative method for the examination of com- 
mercial flours by means of the microscope, this quantitative method 
to be preceded by a general qualitative examination. A small por- 
tion of the flour was weighed out, a few drops of a reagent added, 
and the number of typical starch grains or characteristic tissues 
enumerated in examining five different portions of the microscop- 
ical mount. Standard samples were employed for purposes of com- 

1 The numbers in parenthesis refer to the bibliography on page 32. 

152332°—20—Bull. 889——1 
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parison. As a rule, not less than 12 microscopical mounts were 
made of the standard and of the sample under examination. 

Kohn (10) weighed out one-half gram of the flour, and added 10 
cubic centimeters of ether, shaking the mixture, to isolate the hairs 
and bran tissues which were subsequently identified under the 
microscope. | 

Dedrick (4) placed’ the flour in question upon a glass, and exam- 
ined it for offal particles, either with the naked eye or by means of a 
powerful magnifier. Particles of bran, germ, or other impurities 
or substances differing from flour were enumerated, five and six 
trials being made and an average struck. In this way he attempted 
to differentiate between the so-called patent, straight, clear, break, 
and low-grade fiours. 

Collin (3) considered the microscopical examination of flour quite 
extensively, although he did not take up the question from the stand- 
point of determining the relative amount of offal material present. 
The histology of the wheat grain is fully discussed. and illustrated 
with a number of figures. 

Von Liebermann and Andriska (22) suggested a Sse fos esti- 
mating the quality of wheat flour which might possibly be correlated 
with a microscopical examination. The quality of the flour with 
respect to the quantity of bran substance present was ascertained 
by shaking the flour with chloroform, and observing the color of 
the portion which floated on the surface. The test might be rendered 
quantitative in the following manner: One gram of the flour was 
shaken in a tube with 10 cubic centimeters of chloroform, and the 
mixture allowed to stand for one hour. The depth of color of the 
layer which then formed on the surface of the chloroform was com- 
pared with the colors of the layers produced when mixtures of finest 
white flours and variable portions of bran were subjected to similar 
treatment, These mixtures might contain quantities of washed bran 
ranging from 0 to 2 per cent. The colors of the layers were to be 
observed from above. 

In connection with the work done by Moore and Wilson (15), Pat- 

terson has made a microscopical examination of the flour streams 
from the different machines of the mill, these streams being blended 
to form various finished flours. Finished flours were also examined. 
His method consisted in weighing out 3 milligrams (0.003 gram) of 
flour, dividing this into five portions on as many microscopic slides, 
wetting with water, covering with cover slips, and then counting 
under the microscope the number of hairs and epicarp and seed- 
coat particles in the five slides. His results tended to show how 
these particles increased in number in streams from the lower-grade 
machines and were practically absent from those from the ‘‘top”’ 
of the mill. | 
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PURPOSE OF INVESTIGATION. 

From the review of the literature, it is apparent that heretofore 
the purpose of the microscopical examination of flour has usually 
been to determine the presence of adulterants, such as other flours, 
or even starches, spores, etc. The paper in which Patterson indi- 
cated the possibilities of an estimation of the offal content of a flour 
microscopically (15) suggested the work here reported. 

MICROSCOPICAL METHOD. 

_ For convenience, the microscopical method employed in this inves- 
tigation will be described under the following headings: (1) Appa- 
ratus, (2) technique, and (3) counting bran particles and hairs. 

APPARATUS. 

1. Microscopic slide with a ruled area about 22 millimeters square. 
The lines, which it is convenient to have about 4 millimeter apart, are 
ruled across the short diameter of the slide. 

2. Cover glasses 22 millimeters square. 
3. Compound microscope, with compensating ocular 12x and 16 

mm. apochromatic objective. 
4. Scalpel, preparation needles, camel’s-hair brush, spatula, alco- 

hol lamp, mechanical stage. 
5. Assay balance. 
6. Chloral hydrate solution about 1:1; preferably not any more 

concentrated. 
TECHNIQUE. 

Before undertaking the examination of a flour microscopically, the 
sample should be thoroughly mixed, and a composite sample with- 
drawn from various parts of the material. A 5-milligram portion of 
flour is carefully weighed out upon accurate balances, and the weighed 
portion transferred to the center of the ruled area on the microscopic 
slide. The scalpel is employed in removing flour from the weigh- 
ing pan to the slide, the small amount which can not be thus re- 
moved being easily brushed onto the slide with the camel’s-hair brush. 
The flour being transferred to the slide, about 3 or 4 drops of chloral 
hydrate solution are mixed with the flour by means of the preparation 
needle. Add only enough chloral hydrate solution to fill the space be- 
neath the cover glass. The proper amount is usually about 4 drops 
when a pipette with a 1-millimeter bore is employed. A pipette of 
larger bore releases too much solution at a time and is less convenient 
to control. Itis important that the material be evenly distributed in 
the solution; otherwise flocculation of the flour will occur, rendering 
counting more difficult and less accurate. The square cover glass is 

- next applied, and the slide heated over the alcohol flame until the 
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ce ) starch grains are dissolved, or the preparation ‘‘cleared,” as is com- 
monly stated. Vigorous heating of the slide is to be avoided in order 
to prevent burning of the material before the preparation has been 
sufficiently cleared. After gentle heating, the slide is quickly trans- 
ferred to the stage of the microscope, where it is allowed to remain a 
short time before counting is begun. The cold stage causes the larger 
part of the air bubbles that may be present in the preparation to dis- 
appear, the very few that remain not hindering in the enumeration 
of the bran particles and hairs. : 

Careful adherence to the details of this technique is necessary to 
insure a suitable slide for counting. Ifa slide is improperly prepared, 
the resulting count probably will not be representative of the flour 
under consideration. 

COUNTING BRAN PARTICLES AND HAIRS. 

A thorough acquaintance with the histology of the wheat grain is ° 
essential before attempting an examination of flours. Any standard 
work on microscopy or plant anatomy of the common food products 
contains adequate descriptions of the tissues of the wheat berry in 
various sections. The following brief description of the anatomy of 
the wheat berry ' is given for the purpose of indicating the tissues 
which are depended upon for judging a flour with respect to its offal 
content. 

The wheat grain is, botanically, the fruit of various subspecies and 
varieties of the genus Triticum. This grain or fruit consists of a 
series of tissue systems, the outermost of which is the pericarp which 
is composed of three layers, the epicarp, mesocarp, and endocarp. 
The pericarp is essentially the fruit coat or matured ovary wall. 
Within the pericarp is the testa (or spermoderm), rather yellowish- 
brown in color, and easily distinguished in either cross or surface 
sections under the microscope. Within the testa is a layer of rectan- 
gular cells (in transverse section) known as the aleurone layer, contain- 
ing protein material but no starch. This is essentially the outer layer 
of the endosperm or albumen of the seed. Theremainder of the grain 
within the aleurone layer consists of very thin-walled parenchymatous 
cells packed full of starch grains. The small embryo, or germ, is 
located at the end opposite the bearded apex. A crease or groove 
passes longitudinally from the base of the grain to the apex. 

The essential purpose of milling is to produce the finely ground 
endosperm or starchy portion of the wheat grain as free as possible 
from bran particles, hairs, and germ tissues. These bran particles, 

hairs, and germ tissues are known as offal in milling terminology. The 
wheat offal, therefore, consists primarily of all the tissue elements of 

1A, L. Winton. The Microscopy of Vegetable Foods, 2d ed., pp. 65-73. 1916. 
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the grain from, and including, the aleurone layer outward, and also 
the germ tissues. Botanically, the bran consists of the pericarp, or 
fruit coat, and the aleurone layer. 

In order to discover any relation that might exist between the bran 
particles and hairs and the various so-called grades of flour, the 
microscopical method already partially described (page 3) was em- 
ployed to determine the number of bran particles and hairs ordinarily 
found, in varying amounts, in different classes of flours. This enu- 
meration consisted in methodically examining and recording all of the 
bran particles and hairs contained in any given slide. It is well to 
form the habit of always starting at the same point in the mount, 
as, for example, the lower right-hand corner of theslide. Theslide is 
slowly moved by means of the mechanical stage, and all of the bran 
particles and hairs detected outside the edge of the cover slip counted. 
Each particle of spermoderm (with accompanying aleurone layer, if 
present), epicarp, cross-cell and intermediate-cell tissues, and hairs 
are given a value of one, no matter how small the particle or hair 
fragment may be, surface as well as transverse sections being included. 
After the region outside the cover slip is carefully scrutinized, the 
slide is moved over the width of the space between the ruled lines, 
and another strip of the mount examined and the offal’ counted. A 
bran particle with hairs attached is counted as so many hairs instead of 

_ being recorded, for the sake of convention, with the bran particle 
count. Germ tissues were not enumerated. This procedure, as de- 
scribed, is methodically followed until the entire slide has been 
examined. 

SOURCES OF VARIATION IN METHOD. 

In order to study the reliability of the method aside from its practi- 
cal application to the examination of flour, a large number of tests 
were made having for their principal purpose the determination of the 
probable sources of variation and their extent. In considering this 
question it was recognized that there might be a variation due to one 
or all of the following factors: (1) Personal equation, including one 

analyst’s variation in counting the same slide on different days and the 
variation between two analysts counting the same slide on the same 
day; (2) daily variation due to the condition of light, etc.; (3) slide 
variation due to limits of accurate weighing of the test portion of 
flour; and (4) the variation in homogeneity of the bulk sample. 

1 For the purpose of this investigation bran particles and hairs were considered as constituting the 
offal. 
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PERSONAL EQUATION VARIATION. 

COUNTING THE SAME SLIDES ON DIFFERENT DAYS BY ONE ANALYST. 

Table 1 gives actual data obtained from counts made by each of 
two analysts working upon three slides which were prepared from the 
same bulk sample and upon which they made two counts on each of 
three successive days. 

TaBLE 1.—Resulis of counts of same slides by two analysts on different days. 

- Count Bran “at 
Date. Slide. Analyst. NG particles. Fairs. Total. 

1918. 
Jan. 7 A 1 7 59 146 

Do. A 2 92 64 156 
Do. B 1 60 60 120 
Do. B 2 60 58 118 
Do. Cc 1 87 62 149 
Do. Cc 2 81 74 155 
Do. A 1 103 58 161 
Do. A 2 114 52 166 
Do. B 1 86 64 150 
Do. B 2 80 58 138 
Do. C 1 90 62 152 
Do. Cc 2 87 57 oi44 

Jan. 8 A 1 76 66 142 
Do. A 2 82 69 151 
Do. B 1 60 55 115 
Do. B 2 49 48. 97 
Do. Cc 1 62 66 128 
Do. C 2 64 68 132 
Do. A. 1 100 54 154 
Do. A 2 96 56 152 
Do. B i 85 52 137 
Do. B 2 77 55 132 
Do. Cc 1 89 65 154 
Do. C 2 83 59 142 

Jan. 9 A 1 80 65 145 
Do. A 2 83 66 149 
Do. B 1 49 61 110 
Do. B 2 53 57 110 
Do. C 1 60 66 126 
Do. Cc 2 UG 71 148 
Do. A 1 104 54 158 
Do. A 2 106 55 161 
Do. B 1 78 55 133 
Do. B 2 vies 55 132 
Do. Cc 1 86 65 15t 
Do. Cc 2 86 62 148 

For the purpose of emphasizing certain salient points, the results 
recorded in Table 1 have been rearranged in Table 2, in considering 
which it is necessary to regard the different portions carefully. 
Keenan’s greatest variation in two counts of bran particles on:a 
given slide on any one day was 17 points (slide C, Jan. 9, 1918), 
while Lyons’ greatest variation was 11 points (slide A, Jan. 7, 1918). 
In the matter of counting hairs the greatest variation in the counts 
obtained on a given slide on any one day by Keenan was 12 points 
(slide C, Jan. 7, 1918), while Lyons’ greatest similar variation was 6 
(in several instances). In these cases it appears therefore that the 
personal variation due to the error of counting probably would not 
exceed 17 points in the case of particles or 12 points in the case of 
hairs. 
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TABLE 2.— Variation in counting of each analyst. 

Bran particles. Hairs. 

Slide. Count?) |= Sa PRE = 

oe Jan. 7, Jan. 8, Jan. 9, Jan. 7, Jan. 8, Jan. 9, 
1918. 1918. 1918. 1918. 1918. 1918. 

Keenan 
Jacob gC ABAD BOO Re CaO Be EDR aA Ee 1 87 76 80 59 66 65 
| Napa beboe SOOO SUCRE ODO ODE BECEE 2 92 82 83 64 69 66 
Ser iene ree se Lien Sele 1 60 60 49 60 55 61 
SESS HY SiS oa als 2 60 49 53 58 48 57 
IAP aay Cee eg ce 1 87 62 60 62 66 66 
Gino SUE SS SSeS Aas aa eae ae 2 81 64 77 74 68 71 

Lyons. 
Jit GOOSAS BSc E BES SE Sone aeete 1 103 100 104 58 54 54 
LA SS AS6 Boe SSSA EEC ORE ee 2 114 96 106 52 56 58 
meee ene oe: ws cgibee ate 1 86 85 78 64 52 55 
1D aoc puae Shae SER ee oaenaaaae 2 80 V7 77 58 55 55 
MO Ne rately. ha oh taisredcidiais aos 1 90 89 86 62 65 65 
AO eS oe aces senie< 2 cece ste 2 87 83 86 59 62 63 

COUNTING THE SAME SLIDE ON THE SAME DAY BY TWO ANALYSTS. 

The variation between the counts made by two analysts on the 
same slide on the same day is demonstrated by comparing the daily 
averages ' obtained by each of the two analysts. These data are 
compiled in Table 3. 

TaBLE 3.— Variation in counting of two analysts on same day. 

Bran particles. Hairs. 

Date. Analyst. SaaS Ts | |e | VE SS 

Slide A. | Slide B. | Slide C. | Slide A. | Slide B. | Slide Cc. 

1918. i 
COM AM cent aie cies seen sees 89 60 84 61 59 68 

aMeyean al se ViONS oase ects ces cee sees veleoes 108 83 88 55 61 59 
WATIATIOR oe cee cena 19 23 4 6 2 9 
IKeeenaness sasrs saree oN ae ibe ae 79 54 63 67 51 67 

[RIMM OHV OMS see aie ti. icc Voreepera asa 98 | 81 86 55 53 62 
Mania tion aise ee eae 19 27 23 12 2 5 
KGa Ta Tee een One Aiataa eee abate 81 §1 68 65 59 63 

ATM On| WyiONS eos cain ae’ ste iccae sess 105 77 86 54 55 63 
Warlationse. she or ese ene: 24 26 18 11 4 5 

The table shows an average variation in the count of bran par- 
ticles of 20, with a range of from 4 to 27. The average variation in 
the count of hairs was 18, with a range of from 2 to 12. It is evident 
that the variation between analysts in making the count of bran 
particles is greater than in making the count on hairs. 

DAILY VARIATION DUE TO CONDITION OF LIGHT, ETC. 

To determine what influence, if any, physical conditions, such as 
degree of light, have upon the count, it is necessary to first eliminate, 
as far as possible, the personal variations already considered. This 
may be accomplished by taking the average of two counts on three 

' By ‘‘daily average” is meant the average of two counts made by the same analyst on the same slide 
on a given day. 
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slides for the same day and averaging the three results to determine 
the analyst’s daily variation. This is calculated for each analyst. 
The ultimate daily variation is the average of the daily variation of 
the two analysts computed for each day. The daily variation for 
each analyst is shown in Table 4. 

‘TaBLE 4.—Daily variation for each analyst. 

Bran particles. Hairs. 

Slide. Variation. ; 
Jan. 7, Jan. 8, Jan. 9, Jan. 7, Jan. 8, Jan. 9, 
1918. 1918. 1918. 1918, 1918, 1918, 

Keenan 
Beret Payne arcrasa| eleva rola sisjatetote ciclakerejsjeraletere bistayaisic 89 79 81 61 67 65. 
[Disa c's ce eS eicies| Sarco o clea lee Datimavars Siaicaieore 60 54 51 59 ail 59 
(Ol er | eae porte eee eter nm 84 63 68 68 67 68 

Analyst’s daily.......eee-- 77 65 66 62 61 64 

Lyons 
A areas 5,accraizia orei| se al iw a, aa 1elat ore Mie sis (eleraterece ase'aicrase 108 98 105 ‘aia, 55 54 
Beater Soma Boke cee vaseene oacesne 83 81 77 61 53 
( OP FRE EAS res ORE eee meer rie em 88 86 86 59 62 63 

Analyst’s daily.....0:..3..% 93 88 86 58 56 57 

Ultimate daily............ 85 76 76 60 63 60- 

The results in Table 4 seem to indicate that on January 7, 1918, 
there was a tendency to count higher on bran particles than on the 
other days. Itis believed, however, that this was in whole or in part 

due to the clearing action of the glycerin employed to preserve the 
slides for counting on subsequent days, which tended to make the 
identification of the bran particles more difficult after the first day. 

SLIDE VARIATION DUE TO LIMITS OF ACCURATE WEHIGHING OF THE TEST PORTION 

OF FLOUR. 

In order to determine the absolute variation between the slides, 

it is evident that an average must be obtained from which the personal 
variations and the daily variations have been eliminated as far as 
possible. This is accomplished by computing for each slide the aver- 
age of all counts made on bran particles, and also making a similar 
computation for the hair count (Table 5). 

TABLE 5.—Counts of bran particles and hairs on slides. 

Bran particles. Hairs. 

Slide A. | Slide B. | Slide C. | Slide A. | Slide B. | Slide C. 

89 60 84 61 59 68 
79 54 63 67 §1 67 
81 51 68 65 59 68 

108 83 88 55 61 59 
98 81 86 55 53 62 

105 77 86 54 55 63 

193 167 179 159 156 164 

| 

1 Average slide count. 
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The variation in the counts on these slides naturally raises the ques- 
tion of the limits of accuracy in weighing out the test portion of flour. 
Since the amount of flour used on a slide is 5 milligrams, it is desirable 
to determine how great is the error due to weighing the test portion of 
flour. The balance employed in this investigation was a fine assay 
balance. In weighing the sample the vibration method was used, 
and the quantity of flour was so adjusted as to produce a deviation 
of approximately not more than one-fourth of a space on each side of 
the zero point of the scale. This is equivalent to not more than 1/40 
milligram, or one-half of 1 per cent, on the basis of the portion of flour 
used (5 milligrams). Hence any error in weighing can not be accepted 
as an explanation of the difference in slide counts. 

VARIATION IN HOMOGENEITY OF BULK SAMPLE. 

The question has been raised as to whether or not a portion of the 
slide variation might not be accredited to lack of uniformity of the 

bulk sample, due to the fact that any grade of flour is usually the 
component result of several constituent streams which vary more or 
less among themselves. The fact that in general practice the flour 
stocks are subjected to a certain degree of purification, however, 
leaves this factor little chance to figure to any great extent. This 
point was tested by passing a certain sample of flour which had an 
average count of 32 bran particles and 64 hairs through a 30-mesh 
sieve and making up and counting 12 slides. The bulk sample was 
then passed through the sieve once more (making two times for the 
sample), and another series of slides made and counted. Finally, 
the sample was put through the sieve twice more (making four times 
for the sample), and a third series of 12 slides made and counted. The 
results of these tests are given in Table 6, the counts in which are the 
average of the results obtained by two persons. 

TABLE 6.—Hffect of variation in homogeneity of sample on count. 

Sample passed through 30-mesh sieve— 

i | 
Once, Twice. Four times. 

Bran = Bran Bran a 
particles. Hairs. particles. Hairs. particles. Hairs. 

Bir 73 26 67 PHL 76 
48 37 70 22 53 
36 58 25 58 30 56 
33 53 22 54 32 81 
41 64 27 61 23 79 
36 64 32 57 29 66 
35 74 32 83 36 60 
35 75 27 64 34 56 
37 57 34 61 39 70 
35 76 26 72 38 52 
30 66 39 67 33 65 
34 60 30 67 37 48 

135 166 129 165 131 163 
218 223 217 229 218 eve 2rod! 

1 Average. 3 Variation 

152332°—20—Bull. 839 2 

a 
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Apparently, sifting or thorough mixing of the flour a number of 
times has little appreciable effect upon the offal count obtained. 

NUMBER OF SLIDES COUNTED. 

In practice, two slides, or at most three, from the sample of flour 
have been used as the basis for judgment as to the character of the 
product as far as the offal material was concerned, and the question 
might very properly be asked if that number is sufficient. In order 
to test out this point, 12 slides were prepared from the same bulk 
sample of flour. Two counts on each slide were made of the bran 
particles and hairs by each of two analysts. The results obtained are 
recorded in Table 7. 

TABLE 7.—Counts on 12 slides. 

F Bran | - q Bran 
Slide des- Count : . Slide des- Count = t 
ignation. Analyst. No. a Hairs. ignation. Analyst. NTO! Ber Hairs. 

A 1 21 76 || G... 1 38] ort 64 
A 2 22 tor || Gee es 2 32 rp 
A 1 20 €8 i) Gs 1 35 61 
‘hee 2 22 17 || Go 2 40 » 61 
B 1 24 54 |) A 1 37 Lr61 . 
B 2 23 53 || H 2 24 ell 
Be: 1 19 52 || H 1 38 56 
B 2 23 56 || H 2 40 61 
Cc 1 23 Doe | |e al 26 74 
C 2 31 60 || T 2 44 67 
C 1 34 59 || I 1 44 67 
Cc 2 33 53 || I 2 42 72 
Dez: 1 33 TEN 1 39 50 
IDES 2 30 81 || J 2 38 55 
Dees 1 31 84 |) J... 1 34 ~ 48 
Ds. 2 35 82 i] J. 2 41 56 
E. if 24 79 || K.. 1 32 ' 63 
Hee 2 22 79 4 Ke. 2 30 60 
E i 23 82 || K.. 1 38) 68 
E 2 26 WO) | dees 2 37 71 
F 1 31 64: |)" Ls 2 1 82 47 
Wes: 2 29 65 || L 2 36 49 
F 1 29 70 || L 1 42 47 
F 2 30 66 || L 2 39 51 

| 

From the data in Table 7 it is possible to average Keenan’s first 
count on slide A with each count made by him on each of the other 
slides. By averaging the slides by two, 20 is found to be the lowest 
average and 43 the highest average for bran particles, considering 
Keenan’s results only. If the average of counts for three slides 
instead of two is to be taken as the basis for final judgment of the 
product, it is apparent that 22 is the average of the three lowest 
results and 40 the average of the three highest (Keenan’s results on 
bran particles). Taking the average of the counts on each of four 
slides gives an average minimum count of 22 and an average maximum 
count of 39. Table 8, based on data obtained from Table 7, has 

been prepared to show the results of such methods of grouping. 
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TasBLe 8.—Effect of method of computing average on count. 

Bran particles. Hairs. 

Method of averaging. . Keenan. Lyons. Keenan. Lyons. 

WAL OSs: as eee 2 aes). 20 43 19 43 48 80 49 83 
DY EGS Og CS eR ESBe ade aan eames 22 40 20 42 47 79 48 81 
EVALOUIES ope ee see eo teialaie oliah=in eles 22 39 21 41 49 79 49 81 
BAT Ges be cone eadaus sao aeaereanee 23 39 21 41 51 77 50 80 

EXAMINATION OF MILL STOCKS.! 

Before undertaking a discussion of the work done on finished com- 
mercial flours, it seemed advisable to consider the degree of purity of 
the various mill stocks entering into the composition of the end- 
product. The data compiled in Table 9 demonstrate the quality of 
the stocks made on the break rolls, the purpose of which is to crush 
the wheat kernel to release the enclosed endosperm that is later re- 
duced to fineness on other rolls and finally purified of offal débris. 
The general practice in milling is to make as little break flour as possi- 
ble. When break flour is made to any extent, it. invariably con- 
tains a notable amount of offal, consisting of bran particles, as well 
as numerous hairs from the beard. The results recorded in Table 9 
were obtained on samples of material procured from the first, second, 
third, and fourth break rolls, respectively, and from different mills. 
It was stated that they had been bolted through silks of various 
numbers of meshes per lineal inch, the following silks being employed: 

Meshes Silk number. per inch. 

1 The designations for the various stocks and grades of flour examined, as well as the statements concern- 

ing the kind of wheat from which the flour was milled, were taken from the millers supplying the samples 

_and were not verified in the Bureau of Chemistry. 
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TABLE 9.—Results of examination of products from break machines. 

Sample No. Type of wheat. Bolting cloth. pert s.| Hairs. | Total. 

FIRST BREAK MATERIAL. 

T1079-K-A....0..--{ Hard..cccessccececes Pe) revels atateaieie sleic/elssereiaclate ater 196 165 361 
17146-L-B.........).---- dO eae mee sere: Shib-o-¢5) h).<-<Seiprasogconenicooce 186 83 269 
1 VAR Ue Op Ameer Hard and soft........- G2) seeetpetcre rere eee 117 43 160 
ig Se een na Ogee so nee (2) coe ae ten auctaceesuenes 334 162 496 
¥7159-L-A...) 2. 5.-.]2--%5 GOitasacese sees: Gis oF oes, cece 76 61 137 
B773-LOA soo ce | bee ke Ors in Beet (edad seek ines hee ias 46 64 110 
17165-L-O......... S0fts, “tevcesecee saat ult o eake tina) eaeee manera eee 113 38 151 
17167-L-A.........|....- GOeeganceesecn Peo cL > 0 ~ ar nr ame eee 182 58 240 

SECOND BREAK MATERIAL. 

17143-L-B......... Hard asa asasaccearcuas « WO Ms aka basasgnnyece 324 42 366 
17146-L-A.........|----- M0b aot ceeee po ol ron o ae pe Sine Meine ets 166 65 231 
17190-L-B.....-.--|..-3- GO eit eeras iyo oid 5.0. @ he een PRE 216 162 378 
17125-L-D......... Hard and soft......... CB eice ain. se eae 105 23 128 
IA ss 1 OC ee a (Oe Os ey ucenons: CDS 20 each Wietedd come asics 150 83 233 
MQ159-U= Bie. Seisdcou |e nat “nea Seine ee ig ae ee Se Te eo tee 47 44 91 
USSD cee cadeapiet es (sheet ae eee tek ae (D5 ae ee es 32 54 86 
17133-L-F ......... Bolten de ncucrecc sass ee pero  O eeire 142 58 200 
17165—W— Pewee beeline dor tenetee wore LOR Bes sao etd 75 38 113 
D167 2U— Bo teense lace: GO oe tocse eee: ibee ogy Soo eee. tee me 138 31 169. 

THIRD BREAK MATERIAL, 

PLOTOS FOTN het PLATA cea oieisiedhsiceeccs DYN tae Hoe 9. 1 cael shat ee 120 121 241 
17143-L-C.......-.).2... DOs keene nein: LORE ia Sh 2 Tek UREA 628 107 735 
17146-L-D.........)....- GOs eee ces oe ADK DORIS ow hs cca dine nent 367 144 511 
17125-L-E......... Hard and soft......... OP) D SIS eRee wicks fades hae! 159 26 185 
17128-L=D. 22.2 .-2|e ee ic eee eee Cp nC Pee one 118 53 i714 
B7159-U-C. 2 ese. e| eee. ieee Ee ae 5g SERENE ey Riese at 68 60 128 
17173-L-C.:.:.....[2.--2 dilate ener: 1g Cee ee eee ee 37 56 93 
17133-L-G......... Sofiets a2. cece seer Ug ee eee ee pee a 375 73 448 
17165-L-Q.........|....- GOs gencket etter Nae eee cE eee 131 53 184 
L716 7-L-C sc.ascec ccs fee ces GO: ees ickte yest LOK Ky TEER iestst ce ser 135 46 181 

FOURTH BREAK MATERIAL. 

17143-L-D......... Hardvtonuascue ss aed Lis tiesto Fee. 810 213 1,023 
17146-L-C.........)..... it epee: ARRON Uno aa by.o «een nee Cee e a 322 116 438 
17125-L-F. 2s. - Hard and soft......... (QOS RES od a eee ae eee ay 262 57 319 
17198-L=B. o.oo. [cee iia cutee atest QD): Sok erat haga omeaneee 118 50 168 
PAB LED. os ce oc) es Ss Owe eeset ek aee Je: CL RE RES ies Fray toiaag eee 132 147 279 
17165-L-R......... Batten at eect Se ac 3 NORM Glee Sorte oe cness 228 106 334 
17167-L-D. ...2..-.|.-+5 COL. oy acetesuse res = Cpe Sark pwcnane 285 66 351 

For the purpose of comparison, the data from Table 9 have been 
summarized in Table 10. 

TaBLE 10.—Summary of results of examination of products from break machines. 

Machine stock. 

Average. 

Bran 
particles. Halirs. 

156 84 
139 60 
213 73 
808 122 

The offal content of the break roll products is high, as would 
be expected. A microscopical examination is hardly necessary to 
establish this fact. The fluffy and dirty appearance of such products, 
even from casual examination, is sufficient to show that they are of 
low quality, judging from the offal material present. 
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Tests similar to those made on break roll products were made 
on middlings stock. Middlings are usually recognized as being the 
medium granular particles of the endosperm resulting from the crack- 
ing of the wheat kernel on the break rolls. After proper purification 
or removal of the branny material, the middlings are milled, on the 
reduction rolls, to the fineness of flour. The results of experimental 
work done on middlings stocks are recorded in Table 11. 

TaBLe 11.—Results of examination of middlings stocks. 

Sample No. Type of wheat. Bolting cloth. pies Hairs. | Total. 

FIRST MIDDLINGS STOCK. 

POSS Khe and c2. 2 8 Uae avckns Hb) 6 qyalib.o.g5 bo cae sade cui 22 18 40 
iOS tog ee eee One RAL Neroncnon sg 10x: a as 14 4 18 
OOP Pee ee CG Kah a Aa a ee LOR eee 36 16 52 
17125-L-L......... Hard and soft......... (CO) nae a ei ie ee nea re 23 2 25 
TASQe Oe a: GO aa ra DN ccs RR RENEE LAH 18 22 40 
17132-L-J... SOT Ce ome eon: i eee ey 1.) Gua Oya 19 3 29 
BSP aoea seed a aene Gays Se RE (Cp) Eso urea EONS 59 12 71 
AMG6S-L—B oes 3. So 5|ee-e/ Gh sumcocasoetocncs TONKS. 2 eee eae ene 21 8 29 

5 2 7 

5 3 8 
7 3 10 

29 2 31 
100 50 150 
11 1 12 
7 5 12 

25 1 26 
59 6 65 
48 27 75 
8 4 12 

8 1 9 
27 6 33 
14 5 19 
6 3 9 

69 26 95 
19 22 41 
18 24 42 
9 0 i) 

34 5 39 
36 7 33 
21 5 26 
9 4 13 

FOURTH MIDDLINGS STOCK. 

Aliiib.e.c5bbo.g il bo qo ote 10 6 16 
z 11xx, 12xx.... 76 25 101 
(GPS eee 7 1 8 
(2a ae 38 23 61 
(Dos ees 8 10 18 
llxxx, LD scx oe 82 9 91 

S26 Ua ee Ue 26 1 27 
(3 oh. 2 oe eee Ga ee et al 26 5 31 
DKK Si. L/S Seer eisicieorersioe 29 2 31 
(Ge eee <2 ey Ue Cio 115 24 139 
(0) ies eee ee seme aeeaats 40 6 46 

FIFTH MIDDLINGS STOCK 

15196-K-K........ Hard tece eee sceeeee ITb.6. a3 Y>.6.¢.1V 5-6 Cos eA aan EE 18 13 31 
17144-L-M.........]..... Oe ee ee ee Ox; 11x Se ecce sa saee 9 1 10 
M7M4G-VR A ee Gh dcaSecdoseesHoce hbo AaVae-<5+ Jo IeeeReHesnosee 21 5 26 
LITA DOLE Daa een (ee GO zeae eee 16.6. Pho. soos a doapBoCENOG 74 22 96 
17128-L-P......... Hard and soft......... (Ce) Veeehe ei aA eee 74 36 110 
AMUSO DJ. kee) ba] ee Chae Ane aa Rae (C1) eso! Se tos MA errs 10 9 19 
i 7 ES Ce Oe COE eae et wea STS Cais Aes 1 sero ee 65 19 84 
WATB—E Pie se eis Got nee ree eae ip) cs a hs a a 57 57 114 
17133-L-U......... Softee eee wae £ Beak = ai Sera ere rs te eyo a 80 18 98 
17165-L-H.........)..... GOs eclrcsee wees es IDS Caper ye Bierce: 55 12 67 
WAG No Oye sesseccls ose Oe Bae aS hay (CD eee 3.8 sy MN aeRO ae 43 10 53 
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TABLE 11.—Results of examination of middlings stocks—Continued.. 

Sample No. Type of wheat. Bolting cloth, Satin: Hairs. Total. 

| 

: | SIXTH MIDDLINGS STOCK, 

15196-K-G.........| Hard...........-..2--- lixx, 12xx, 13xx, 14xx.....- 26 30 56 
17144-L-N........./..... WO 20.25 censccnee che aes V2 WORK os cit cates se 24 1 95 
17190-L-M........./...-- GO je Se ecset ete Uhb.o. qui Yb. cao Ae nme menses 139 33 172 
17125-L-BB..... Herd: and soft......... (CD a2 A Reed ae Pose ates 87 15 102 
M28 SN Q 22 is sce |e Oe sie sae nee eee one G20) Roose ed i, ne a pee 70 37 107 
UA3--@ ice ne olen ee ae Bpeisie wists cies orci) (CR) Sie Sie ee eee ese eee 41 66 107 
17173-L-R........./.....- GO Sere meet enon emee (2) 2 LSeee see obese Se 22 35 57 
17133-L-W ........ SOlts 24. oescaewccwan ae Op) RRC ee ee eee oe 140 18 158 
1 Wf G} a a KE rape ee CO icrewisctiectes cee 1 5: 68s ae meat sae hae ee 60 18 78 

SEVENTH MIDDLINGS STOCK 

15196-K-f 3.552...) Hard. 2.02... ghee. ipp.o.cu nyo: dell 2.0. e eae aes C 16 : 9 25 
17144-L-O.... 2.222)... COeaanese eee i>. >. een ee ene 36 4 40 
TAQOSTS Ni esc oe |eee = Clisereue sae reaear 13xx, WAKER Stas eer eee Seine 119 43 162 
Tost hese es Hard and soft......... Ree, a ieee 63 26 89 
17159-L-M.........|..... Moree d ete es UP oa eee ey ene 104 78 182 
TSS sl Nee Bl [cy eee eee Sane Gos Bits eee eae ae 194 16 210 
VAGS—Le J sensi ssc 2|2 oe (ee one reer N25 A ORK 2 eso) Sees eee 143 23 166 
7107 We Ube ee Gi eow ceases eee i cel Oe eee 45 13 58 

EIGHTH MIDDLINGS STOCK 

17190-L-O......... Pardee esse oases DS BER G AUER craters arene sis stare sieiets 137 ; 23 * 160 
WAI S=E—S is cies conc Hard and soft......... | G22 Teeentence C= eae ae meee inte ee Dm 52 : 103 
17165-L-K.......... BOltsases ssc ecoen comes a5 @: <I bo capper ted eer 264 38 302 

NINTH MIDDLINGS STOCK. 

PAGER oecsnys Bethea Aten eo eae ee 92. |. 25 Wise 1 

The average results obtained on the middlings stocks examined 
have been summarized in Table 12. 

TABLE 12.—Summary of results of examination of middlings stocks. 

Average. 

Stock. x | Total. 
ran 

particles.| Hairs. 

US TCLS Sate icin sicieic ateiatels oleate aie nis eles wee min cele cere siniete ei iclaia eiaieicce elena 24 9 =. 38 
Second middlings.......c2- ; 29 10 39 
Third middlings........... 21 9 30 
Hourthimid dings soz islace neces as ascecve sac ccuaccaciesimecinsatesnceceedccaec 41 10 51 
ifth MIdGUNGS <<< sie eeeesese b pean wan gewciew nels s~ asec cee escsnseee tans 46 18 64 
SlscLasmm dine sess wesc cee oases eee tac cma cae ee aca ee een 65 26 91 
Seventh middlingseeesces <2 occnc cas smetaas senor eos eeeaes co saceeeeeeoae 90 ; 26 116 
Heh Chm Gin Soe tees cere noe hee Stes ce een eee nN a Ona 150 37 187 
Ninthumiddlingses 22 22.505 ee eee 92 25 117 

The results in Table 12 clearly demonstrate that the middlings 
stocks are much cleaner than stocks obtained from the break rolls. 
The first five middlings stocks average low in the total offal count, 
while the stocks from the sixth to ninth middlings, inclusive, average 
appreciably higher. In other words, the more thorough the purifi- 
cation process, the lower will be the offal count. 2 

For the purpose of showing the offal count on the stocks wel pass 
into some so-called patent flours, three different sets of mill streams 
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were examined, these streams being designated as entering into the 
composition of certain finished flours. The mill streams composing 
such flours were milled from hard, blended, and soft wheats, respec- 
tively. The results of these examinations are shown in Tables 13, 
14, and 15. 

Taste 13.—Results of examination of mill streams composing a patent flour (sample No. 
17144-L-F F) milled from hard wheat. 

Bran 3 
Stock. particles. Hairs. Total. 

TR Ge GG TNR Se oa ee basse eese ae SOP SaaS See SeeeeeES o> Sab coade teases atic 14 4 18 
‘Seam! riteC RA SOS es op wenbecs eee UR eBE eo SBeeB Bane «o> cusaemenaaaseee 7 3 10 
SiVaFewG| Tene ta VOU Waser es a eR. So Eger 8 1 9 
Meant iprnimalines sete ee a tOk ake Seecinac ss. Veep meee: Sens ce eens 19 2 21 
Hatin dlinesemete nee) smoke cem ene Naess 552s oe Mentew Ente fe alee 9 1 10 
SPMEMUNPICC NAS iss Nersessian eaemcicee Sasser) = oe SE rele tie Eye Mlaie 24 1 25 
Pevontmmnid Ghnges sass ao ee ees es i Se Smee Mee oe SSS 36 4 40 
NGG ES. oe SbgSSES NG SOB aS BS OB OEE HEHE ESE AS oan RE 5 ieee aa ee 36 5 41 

IDXB) 2 cc SRS AS eS It Ee ea 8 Le a a 30 5 35 
TSE SATIN 5 58h 66 SOMA ESE DOO SS IOC Es CRN eee rea 59 8 67 
SOCOM CISIZITI OSes ee ao es Sa Sa eae che eeicise 32 a Re semen e ee iterere 37 2 39 
TATED ~ 55 SABO SB oR GEE BASSAS CEE AGGRO ASO SEI ta ema P SE 5 Sees sae ame ea 151 20 171 

Hinished flour/(70) per cent patent)! - 22.23.22. 2222. soe ee kee 13 2 15 

1 This finished fiour is composed of the stocks described above it. 

TaBLE 14.—Resulis of examination of mill streams composing a patent flour (sample No. 
17159-L-—V) milled from blended wheat. 

Bran | wairs. | Total. Stock. particles. 

RTS FAD LG Kame esterase eres Na om SS epee EL eS 76 61 137 
POCO CBT C a icpeere pee ree sea ce eee ee a ee Nae. ER Nea oe ai pe ciara 47 44 91 
pind bbe a Keyser ot ee ieee aan aerate os Si Abn eee nee Sy 2 SS 68 60 128 
ISTE KACII OMS ere ter isc ee icra a ee ea ea ae Bln Oe) gE SIT AE aie 41 54 95 

ID) Oe eae een se Sone Soe cs ee eee Ce Se. AMR eS eA ae 56 84 140 
First middlings........ BGM Se ph eA eke MIRy A Sten aa Ce WAS ENCE VNTR Bers 18 22 40 
DECOM GUIMIG CLIN GS aetna eee ne Stina ioe See oe oe Re oe Dae Na earene 7 5 12 
PHT GeL Clin eseee temas e en Remmi pos ien coming cn VRE ANE eS Se EE 19 22 41 
HOUTE MINI GN gee seen ae eee ep one eae Sate 8 10 18 
Fifth middlings (head) 10 9 19 
Fifth middlings (tail)... : 19 14 33 
Woarsewbailinesheasecocs oricnieouccet eh owe ne ee. z 19 13 32 
Woarsesizinesweene nner e escort eee ee ees : Zi 6 8 14 
Finished flour (70 per cent patent) ! ay 20 15 35 

1 This finished flour is composed of the stocks described above it. 

TABLE 15.—Results of examination of mill streams composing a patent flour (sample No. 
17132-L—U) milled from soft wheat. 

Bran 
BUOek particles.} Hairs. | Total. 

ates temic dlintessyaemeri ace) ener re ae ere ese ns eRe Ne cre veers oe 19 8 22 
SSC OTIC Garr Cl tn Bese are ss atone erro IS ate ics REE em aiars oraly 25 1 26 
Vath eG FC TKG KOU Bia See G es ae es ee et aoa Me 2 SENS Sdn 9 0 9 
Hnurehmiddlings: asses ieee Sones Mi ee ee a ete ere elit 26 1 27 
IHD SHARIA Oe RLS RoC es icp es Cae eM 5) 5) Near ean 10 1 11 
PVF CRTIITA SI ZIT OG eer ey ee Pes ek Sn) cee 2: {A RE Ea os 21 2 23 
BOP AUSCISEZITIOS See eee een senate panera eRe St LAIST, SIMMS gr fs ys PRCT eS 14 2 16 
Hinishedsflour(60)per.cent patent) ty sae eal I LE Ea S| 19 1 20 

1 This finished flour is composed of the stocks described above it. 
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It is interesting to observe the variety of streams drawn upon for 
the composition of different so-called patents, as well as the varia- 
tion in the offal count of the stocks employed in the milling of such 
finished flours. If space permitted, additional information could 
be submitted to illustrate how variable the different mill stocks are 
as far as offal content is concerned. In many instances where 
lower-grade stocks have been employed in making a flour, however, 
the finished product has usually been purified sufficiently to cause 
the resultant offal count to be appreciably low. And in many cases 
the contrary is true. 

EXAMINATION OF COMMERCIAL GRADES OF FLOUR. 

The assembled flours employed in this part of the investigation 
were collected by B. C. Winslow, food and drug inspector, Bureau 
of Chemistry, United States Department of Agriculture. As these 
flours were milled under a variety of conditions, they necessarily 
reflect such conditions in the finished product. The inspector gave 
the following statement as to the designations applied to these 
flours: ‘‘As a general thing, these names were used in harmony 
with the usage of the mill where they were taken. The method of 
assembling, with the streams, percentages, etc., were given when 
feasible, and as correctly as possible from the information available. 
The general terms ‘patent,’ ‘clear,’ and ‘straight’ were used to clas- 
sify in a general way the assembled grades of flour, and vary with 
each mill,” 

With this information in mind, an attempt was made to apply the 
microscopical method already described to an examination of these 
products for the purpose of developing a system for the classification 
of flours based on the offal content. A detailed discussion of the 
actual data obtained from these tests, with a general summary on the 
various so-called grades, follows. 

PATENT FLOURS. 

PATENT FLOURS MILLED FROM HARD WHEATS. 

Thirty-six patent flours said to have been milled from hard wheats 
were examined microscopically, and theiz bran particle and hair 
count determined. The commercial grade designations ranged from 
40 to 94 per cent. In some instances the flour had been bleached; 
in others it was bleached only lightly or not at all. Table 16 gives 
the results of this examination. 
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TasLe 16.—Results of examination of patent flours milled from hard wheats. 

a Bran . Sample No. e alaradet Bleachea. particles.| Hairs. | Total. 

. : “Per cent 

16 8 24 
29 13 42 
19 13 32 
72 45 117 
27 9 36 
15 5 20 
24 20 Ad 
23 20 43 
22 15 37 
22 21 43 

! 3 Sas 16 12 28 
TBST EI E15 = SR Se 70 17 11 28 
A Ae AVA oper cd i Se 71 20 10 30 

72 17 4 21 
72 27 14 4b 
74 29 26 55 
74 13 2 15 
75 66 33 99 
75 33 2 35 
75 33 36 69 
75 30 39 69 
75 19 13 32 
V7 25 24 49 
78 35 28 63 
79 25 31 56 
80 54 28 82 
80 44 9 53 
80 17 19 36 
83 34 16 50 
83 34 10 44 
83 36 30 66 
84 a 12 45 
85 32 23 55 
85 36 15 51 
88 33 9 42 
94 

On these hard-wheat patents the bran particle count ranged from 
15 to 72, with an average of 30. The hair count ranged from 2 to 45, 
with an average of 18. The total offal count ranged from 15 to 117, 
with an average of 45. 

PATENT FLOURS MILLED FROM SOFT WHEATS. 

The patent flours milled from soft wheats are more starchy than 
those milled from hard wheats. This starchy character is manifest 
even when the sample of flour is poured out upon a piece of paper. 
The soft-wheat flour will not ‘‘flow’” like a flour made from hard 
wheat, but is more ‘‘powdery”’ and starchlike rather than granular, 
as in the case of hard-wheat flours. Thirteen patent flours stated to 
have been milled from soft wheats were examined microscopically. 
As in the case of hard-wheat flours, the commercial grades, as indi- 
cated by percentages, varied markedly, and can be regarded only as 
approximate. The percentages ranged from 35 to 90 per cent. 
Some of the flours were bleached, others lightly bleached, and still 
others not bleached at all. Table 17 gives the results of this examina- 
tion. 
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TaBLE 17.—Results of examination of patent flours milled from soft wheats. 

Commer- Bran 
Sample No. nee Bleached. particles. Hairs. Total. 

“Per tent 
patent.’’ 

ITO LS AN a ace wees esis ice ia ele chisanie CR)FIEM OSs sss. seee decent 72 10 82 
ATT SO SMO s Saceaen Soak seas seers SD gl NOreceeee eee 32 25 57 
V7 GTEE SHR 85823 25's ern eater pen cctoe 400 (CVS 05. os ccece oe 32 11 43 
PIGS SHE ss sate ese cehes teens AD ANON OS asl nicdiceeecee 33 32 65 
DSI Ws eee ocieoe seeten nese seee eee ae GOUIGNOS 252 eee eee 19 1 20 
UTIG9=T= Se rae dooce nates ones e emcee cenoans GO Cesc tec eeceke 49 34 83 
Ty Ay ot De ee a pk ae co GON MNO eee seeeoeene 23 17 40 
gS ek C6 DB ate aoe gd see Se a neg GSM AVS ).52. 22 eee eee 50 12 62 
TDIQG SKS WEE ory o.s ee Meenas ee pee ceee GBT ViOS.c.'552..c22 ateee 56 22 7 
ATES STWR ais scene tens necaetgsccts oo ccisecs GOs MiGS- oe reese 133 29 162 
U7 Glee ly th cuamsoatncaes sees ames GTaIRN Oe tees oes 46 19 65 
ALCAN ee ste nw ei eecienace ec eemae saecas TO=8041 (Ps cscs St oacecce see 53 26 79 
PLOOT SKY Site ges fa SEE eee ete sa Sane eters eters OONINGW) oem eee cene ee 51 30 81 

The bran particle count varied from 19 to 133, the hair count from 
1 to 34, and the total offal count from 20 to 162. The average count 
for bran particles was 49 and that for hairs 20, while the average total 
offal count amounted to 70. 

PATENT FLOURS MILLED FROM BLENDED WHEATS. 

The flours classified under blends were manufactured from mix- 

tures of hard and soft wheats. Similar information was obtained for 

these flours as for the hard and soft types. The designations for 
the so-called grades varied from 70 to 85 per cent. Of the 12 sam- 
ples examined, 4 were bleached and 8 unbleached. Table 18 gives 
the results. 

TABLE 18.—Results of examination of patent flours milled from blended wheats. 

Sample No. aa Bleached. Ban Hairs Total. 
grade. particles. 

“Per cent 
patent.’’ 

DAO SFI oer aren see Sone eee amen a Ovs sesccceeeeacer 29 13 42 
MOSS Keene eee ae Ane eee COM Pui ehtlye eens 32 13 45 
(OSG Ke ee eae ce ee aac coe see eet eae 70'| Heavily. -..:2-.2.- 31 18 49 
(5 ee Veen ee en ae Soe OWBNOSe ane. ere eee 20 15 35 
11 17 Bed BY ge eee Ser ari a eergr serge arnt MOT EINOe oe cares aa seee 51 25 76 
PIGS SAY Din ae ciss sete eee a mee + oe sae Cm INO so eee ge 40 37 77 
POUGR= GY Has en ee eee Oeil IN Ole. 522 edness ser | 18 13 31 
LZL(9=VRHV OY on exc Ree re ee ee SOMPING S502? ee 36 19 55 
NLA EU Oe eter eal nce torent ee eee arene soe BIE IGN Oboe foe eta 63 27 90 
17116-L-D..... Bp hose Geen ee ee eat SSRIIMYiOS). 22ers aes 61 40 101 
nL 8 FA ep Ce irene eh me Se S5cleS cans eee oe 47 21 68 
T/A 2b= eH Me ere. Ae See ee ee Se SorIENOL ae eae 83 17 100 

The bran particle count ranged from 18 to 83, with an average of 
42. The hair count ranged from 13 to 40, with an average of 21. 
The total offal count ranged from 31 to 101, with an average of 64. 
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PATENT FLOURS MILLED FROM MIDDLINGS STOCKS ONLY. 

Information was obtained concerning the history of the mill 
streams entering into the composition of a large number of so-called 
patent flours. The data collected showed that middlings stocks only 
were employed in composing these flours. The results of the counts 
made on these samples are recorded in Table 19. 

TapLe 19.—Resulis of examination of patent flours milled from middlings stocks only. 

: Commer- Beart i 
Sample No. a al Bleached. particles, Hairs. Total. 

“Per cent 
patent.’’ 

177 el De) 0 Se eee re a 40 cla ee So ssl ciclaeles 19 13 32 
PB Dm A apne ee US Skisadeeeceeneens GOMMVCSHies 2s eee ee 15 5 20 
TAU 2(DSTECATEN Dia Sra Se Se aa ae ee TOMM@) ee oeenbebsiccecs ce 22 21 43 
PIG SIN 2 I he al ge ee 4 He. Se ee eye ae oe a 10 ao 

IRON Ee aie eee e tare so aeiiayte wine cet 1 OS Be ea err aer OUN 
TES GSE. 8 ne AR es See a ea TDA INO eae Pepe Ue ER Ve 27 14 41 
5, Cal El Ui D3) es i a CEA Ce eter tA 17 21 
TEE ADT OL Gh Se OS ee ae TERN OP 2 ep ee ees 29 26 55 
LEE TS a se gr ee a TARIENO Re ee 13 
TEKS ee hy A 5 8 ae es SOdpYieSsr meee se ees 17 19 36 
aN AC RW Ei anise eltemalocs sowten soe weseess Shor tele@oescnceceeasee ene 28 2 51 

patent 
WoT GS IRC Rr iaiateieiete cies ss one tne Soest (?) MOS ino can ree 16 8 24 

Table 19 shows that the bran particle count ranged from 13 to 29, 
with an average of 20, that the hair count ranged from 2 to 26, with 
an average of 13, and that the total offal count ranged from 15 to 55, 
with an average of 33. These results demonstrate the fact that the 
purified middlings stocks employed had some effect upon the purity of 
the end-product. From the information the writers were able to 
obtain, however, so-called patent flours were not always composed of 
the best streams in the mill. 

PATENT FLOURS MILLED FROM MIDDLINGS STOCKS PLUS LOWER*GRADE STOCKS IN THE 

MILL. 

As already stated, stocks other than first-class middlings were often 
passed into patent flours. According to the information submitted, 
break flours and lower grades of middlings frequently were found to 
have been employed in the manufacture of the finished flour. The 
results recorded in Table 20 illustrate the effect of the addition of 
mill streams appreciably high in offal to the finished product. 
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TaBLE 20.—Results of examination of patent flours milled from middlings stocks in 
addition to lower-grade stocks in the mall. 

Com- Bran 5 Sample No. mercial | Variety of wheat. | Bleached. A Hairs. Total. particles, 
grade. 

Percent.’ 
V1 89=T=On es ace c es 30s BO OLLeeeee eee see INO RA sierc eters 32 25 57 
17151-L-NN.........- 525 yards ass eee IN OB eae eee be efots 72 45 117 
17169-L-S_........... GOR US Olio eae BYIOS He ie daar ee 49 34 83 
ily A ls BY 63 fel ae ees Cds. 256 ofa se ASSIS WOS) a ase et ere cee 133. 29 162 
P7161 —L—UiGi: 2 es a Ses ees Osa Seem Obes ee eee eereyaye 46 19 65 
715 9= Vit os eens 104 Blends ees = aoe IN Ohta ewe cece 20 15; 35 
17171-L-B...........: TAN sees GOss-seneeaate IN Geen oe nas 51 25 76 
15193-K-DD......... 70.) lard a2 255 53-22- RY OSeseccsky- cee eine 30 39 69 
15198-K—WRe 2. Soe (Onl eee (026. IN O22" erences 33 36 69 
17190-L-CC........... 10) efeeie do.- iOS cscetes acces 66 33 99 
17168-L-Y YH........ Zou eld see eee aes INO Ms eoeocaoeee per 18 13 31 
A7164-L-T on. cece ese WD=80) |e SOlb= ces ee ee DYSOS ee, ees 53 26 79 
T/I83=LHA ooo ca noe Ypsv | el sh te Eee ae INOseSe3semoaeceae 35 28 63 
V7184—L-Q*.. -- 25. cee iQue ees (6 [ope peer INO Seas see eeee 25 31 56 
11064-K-A .. 2.22.2... 80) cess. dOizseaseteeee INO Sean seee os 54 28 82 
VT (9SRH¥ Yoo nc ce 80) Blend ss a2scecc sees IN Geena eee once 36 19 55 
5 Abe) 6 Sia ees $25.22 do... VIGS wacce eee ee ee 63 27 90 
17147-L-BB.......... 834 Hardin. c sevice. ae WieSsisc deca s saewace 34 16 50 
T7156—U= Ps ese eat S35 sae2 CO sso escicioss co beeSac Sc semiceia ee 36 30 66 
17116-L-D........... 83) | Splend ease naeeen. a4 SViOS 2 os eho oaee 61 40 101 
Ul Sb- LW as as acies O43 sHiard vss seweeesces INO Bee Saxe t Seca 33 12 |. 45 
U WAS ES Fy lee ees 85:2 Blend: 22.2.cne5-2 PYIOSEES BS 8 Sone 47 21 68 
17125-L-FF.......... Saaiseees deeds cmesccacs IN Gee ceals ssetecswese 83 aly, 100 
15185-K=CC. 25. heen pT Bg 2) oto Cee marae te INO. 2ceeicamerwns 82 23 55 
17180-L-JJ........... 940 |. se23 (6 Ko gars teeters RYVOSe aes oe 62 34 96 

The total offal count on these samples was consistently higher in 
most cases than the results obtained on samples ground from mid- 
dlings stock only. The addition of break flour stocks appeared to 
have a marked effect upon their quality with respect to the offal 
count. The bran particles ranged in count from 18 to 133, with an 
average of 48. The hair count ranged from 12 to 45, with an average 
of 26. The total offal count varied from 31 to 162, with an average 
of 74. 

GENERAL CONCLUSIONS ON PATENT FLOURS. 

1. The commercial grades of so-called patent flours ranged from 
35 to 90 per cent. These percentage figures apparently were in- 
tended to indicate that a certain percentage of the total flour content 
of the wheat kerne! passed into this grade, the remainder being 
pres in other grades. 

The average total offal count obtained on all commercial patent 
flours examined was 57. 

3. Patent flours showed a marked variation in the total offal count 
obtaimed on different samples from various mills. 

4. The limitations and the average counts on bran particles and 
hairs have been briefly summarized in Table 21.- 
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TasLe 21.—Limitations and average counts on bran particles and hairs for patent flours. 

Bran particles. Hairs, 

Commercial grade. 

Variation. | Average.| Variation. | Average. 

Hard-wheat patent-.......... GEARS ara a mma 13 to 72...... 30) |)2 to'452 2.5522 18 
DOLE -Wiheapatents swe ccs sae eicel Salccleleciacls sincisiciisee 19 to 183..... 49 | 1 to 34.-..... 20 
Blended-wheat patente so ose seco c lee cee ee eee 18 to 83.....- AQ | 13'to 40.2252) 21 

STRAIGHT FLOURS. 

When only one grade of flour is manufactured in the mill, this 
erade is commercially designated as a straight flour, if it contains the 
entire flour content of the wheat that it is possible to mill. It might 
be considered to contain all of the flour that could be obtained from 
the wheat kernel with the exception of a certain percentage of so- 
called low-grade or red dog flour. Such a straight flour naturally 
would contain more of the branny particles from the wheat kernel 
than would a patent flour. The practice of compositing such a flour 
apparently varies in different mills. ‘Tests were made upon a large 
number of straight flours milled from hard, soft, and blended wheats. 
The detailed information on these tests is given in the following para- 
graphs. 

STRAIGHT FLOURS MILLED FROM HARD WHEATS. 

Seventeen straight flours reported as having been milled from 
hard wheats were examined for their offal content. The com- 
mercial grades ranged from 92 to 100 per cent. The results of the 
examination appear in Table 22. 

TABLE 22.—Results of examination of straight flours milled from hard wheats. 

Com- 
Sample No. rae Bleached. eine Hairs. Total. 

“Per cent 
straight.’ 

POT OG SR Ue ratctarscls sit, s7aresaahsu yale heveicsalalaivinielc\= 92 33 34 67 
EI CO P32) Lo eat a 95 71 55 126 

95 50 45 5 
96 89 33 122 
97 37 25 62 

974 57 39 96 
98 62 31 93 
98 55 51 106 
98 58 61 119 
98 62 87 149 
98 71 65 136 
98 63 19 82 
98 57 26 
98 71 47 118 

100 76 61 137 
100 60 17 77 
100 121 22 143 

The count obtained on bran particles ranged from 33 to 121 and 
that on hairs from 17 to 87. The average bran particle count was 
64 and the average hair count 43. The total offal count ranged 
from 62 to 149, with an average of 106. 
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STRAIGHT FLOURS MILLED FROM SOFT WHEATS. 

Seventeen straight flours reported to have been milled from soft 
wheats were examined. The commercial grades ranged from 90 
to 100 per cent. Table 23 gives the results of this examination. 

TaBLE 23.—Results of examination of straight flours milled from soft wheats. 

Commer- Bran 
Sample No. cial Bleached. parti- Hairs. Total. 

grade. cles. 

"Per cent 
straight.’’ 

DLOQG KE soso coerce eee eneet da cee ees eee ee nae 90 IN Ob ek oa seeee eens 52 “0 92 
BOOT = Kesierisee | osc eae aac eae eee roneee OOP asiehtlviesccessece. 4] 31 72 
P1098 = Keaetant sn Seis eee hoe Sats aratecntes 90 Heavily eases. 56 38 94 
Th IZb KR Bisnis ene sae een eae nee OOP IEMES ocak eee ease 92 58 150 
15126 KD PD) is eees re ee oe Se oe se 90 WiGS eine eceecees 89 26 115 
ETAGG= =O eta es oe Sec ncn eee ato 90 MiGs saa ae eee 50 60 110 
159 Pd DN Ae eee oa ee ee ee gee O52, | WieSsancees See cscs 111 70 181 
IS Ke U comes ian eee eee eco ae eee Oba NOs es eage noses 119 54 173 
1 Wy (ict Dp, Co ee Se ee OUFR|GNO=2 225s tosses ists, 27 82 
if UD iar es Vee eh ee gar 8 ee eee oe ee LOOP AMCS cose nese tea 109 (al 180 
15t25=K—O Oe. tac een eae eee TOQUE WaMiCSsecc Stee ese. 153 81 234 
151 26—KR ALAA eect eee sai Eero ae as 100; ANAWCS ogc cccnmecmecens 93 40 133 
US 6 Vie Liavoys one Sots Bo eae ae 100 WIGS 2 occ vekceenes 97 22 119 
AGGIE ATAU «Ya ae ee aren, Saleen ans roeee 100 PIES Sc Pececee ns 109 34 143 
D717 O— le Wi ate oe tte ee ees ee 100 INOS? ce este eee 52 39 91 
a The bad & eee eee, eee ieee eee en em heme 100 INO2522 wa es eee 34 34 68 
B79 hho PS Oar cm eck et RG eS ee 100 INO ayaetves aaa 92 38 130 

The bran particle count varied from 34 to 153, with an average of 
82, and the hair count varied from 22 to 81, with an average of 45. 
The total offal count ranged from 68 to 234, with an average of 127. 

STRAIGHT FLOURS MILLED FROM BLENDED WHEATS. 

Eighteen samples of flour stated to have been milled from blends ° 
of hard and soft wheats were examined for their offal content, as in 
the case of the hard and soft types. The commercial grade desig- 
nations varied from 90 to 100 per cent. The results of the exam- 
ination are given in Table 24. 

TaBLE 24.—Results of examination of straight flours milled from blended wheats. 

Commer- Bran 
Sample No. cial Bleached. parti- Hairs. Total. 

grade. cles. 

“Per cent 
straight.’ 

VA QS (ee lence se ese Anse sacle ne eee eee 90 IN 05 sie shes ceete See 50 26 76 
A TOSR Kee a ee ee ee 90 | Lightly........... 51 22 73 
1 OSG =e eee ae ee ee eee eee ee 90 | Heavily...-....... 50 28 78 
yy le 2 PS ee See A ee Phen re artes 2 ane eee 90 IN Once sseeees 183 18 201 
LT palee Vico shoes. nosh cee nena neers O0iiMYes.<. f-2 se 21 36 57 
TVO9G=SeS ern act ck oo re eee sae ae GOIN O< cbt ee eetee 52 40 92 
1097 Ree eh er Se See ee ee OO inbishtlysecesssse.: 4] 31 72 
UL 0QS RiGee eeeeonen Sun een we eee OO Heavily. ccos oe 56 38 94 
TVZI2Q0 Ns eee a Ath Peet eee OG S IY CSiais sha eaten ome 90 47 13% 
P21 TSS eras ca eons eee ae eee 97 INOteetncncekece ee | 98 39 128 
11090 = Ker een se a a BES eee OTFHIINOses ceases eenecce 42 28 70 
TLOGT Kens ee aa en Bate ee eee ee OP FMEA ET Y.cc cere nae 43 29 72 
(1002S ORS Renee ees ee ee 974 | Heavily........... | 52 26 7 
ALT= DD eee een cece eas sore eee OT ASIP ICS ste xc cts eee 73 37 110 
jy se 1 Oa Dp ey eS ae OGA INOS .ccscscccse eee 83 45 128 
VW3—l=Wiseeeee ts eee ee Se eeteiees 98 INO cot ee ee 33 47 80 
ASI9S—KH Ane ee Aen Sc Es Sede cetcee 100 INGOs eee eee os 88 58 146 
1 bi Ey Aner elt eae Sn ee CR ATON os ste et se 86 37 123 
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_ The bran particle count varied from 33 to 183, with an average of 
68, while the hair count varied from 18 to 58, with an average of 34. 
The total offal count varied from 57 to 201, with an average of 100. 
The average total offal count obtained for the straight flours was 111, 
as against 57 for patent flours. 

MILL STREAMS EMPLOYED IN THE MANUFACTURE OF CERTAIN STRAIGHT FLOURS. 

Data were obtained on the mill streams employed in the manu- 
facture of certain straight flours, and these streams were examined 
for their offal content for the purpose of illustrating the quality of 
the material sometimes used in making up such flours. The results 
are given in Tables 25, 26, and 27. 

TABLE 25.—Results of examination of mill streams employed in the manufacture of a 
straight flour (sample No. 17146-L-F) milled from hard wheats. 

Hairs. | Total. 
x Bran 
Stock. particles. 

2 lees Sora 
LB STRSE ONCE 51 ii Ei SES ee ae ene A le 186 83 269 
BECOME UECRIge eee iene ioeteome see sece otis ecss SE RAE it fee 8 son 8 166 65 231 
SERITEL CIEE CA RM ere re ees ooo Ese el Sisko win la See Bete ese See me 367 144 511 
URGE iear 0] SSN es ee Oe ee 322 116 438 
IBTLD [OEE oS aa OSC EO REE ee oS mE SD sc 7p ener ear 456 176 632 
Second! 771 GM ate ee Se eS Sole eee ees eae ee 29 2 31 
SRverctniritd iN Cs sere ree sere ee aaa e os 2 0.5 oe EE Moone veanne 27 6 33 
Phirdimiddlings (Second stream) |. .5- 52-22-52 eae ie Ss ese eee 13 4 17 
TOVREA) iw WG AYR ie SS ge a eae jae 21 5 26 
CCAD TIRES AUT SS aes a ee ae gn 2! nC Ne eS eee apn) 15 4 19 
Cnt-om nouns 2 ee Se se hl Og pa NE BR is tho on RE ON 76 18 94 
Obrien kg Ot esor pe mtele cise Soret oe pisian = x cee ene doe eee 308 90 398 
SCOT trs Kall OUT eee eae cia eee cree ae nes we Ieee ene cama 50 if 55 
“eri HeEQ IAT. Os Gane CaeBa dae De DAB SCe Ce BN EA eeeEnEr Skee Sen ceEe snare 76 24 100 
ERATE SE OUT Ean 2 he men Sh ert a ee ON ee ieee Sasa ee wba a 202 

7 HOO MONCENLS Lal gntMOUT 2 soo ene lore cyanosis sic Seine ce cece eee sie 60 

1 Composited from the mill streams listed aboveit. 

TABLE 26.—Results of examination of mill streams employed in the manufacture of a 
straight flour (sample No. 17165-L—AA) milled from soft wheats. 

Bran : 
Stock. particles. Hairs. Total. 

SEES ACD Keemeetee ie yao eis area acces mm iae ote ales cie = cose epee incline Saeeine 113 38 151 
SO CONGIOTCA Kayes ete eis etnias ater Sate oeiaie a cisioe eieisie ore sie:s slows Sie eee sleie/avereSasieieicta 7. 38 113 
pRirdiared kere sen ota vac s\n 3 = Poe ee Roa caee 131 53 184 
IESE ASCCONG NANG bINTODTCAKS nent aac cei oe =) ote en une ew Seas 101 45 146 
FHOMT DRE Meee ee) i es Lee Bic 2 coum ee er ee 228 106 334 
TEEN ECA Keene sec se ene eee se aS. er Ceca 368 173 541 
PEETS CATIA TCL LETTE Sos es ce ete op nn pe RRL 9 27s) > aah gee peg aa a PL 21 8 29 
SHG GFE G ) TENG UT CA Ae a Me ol are a 48 27 7 
BR ge greTL Cl CULTS ror tives er oper Sn rete ene ee a Seem ey er EINE 26 7 33 
OUD emai CITIES see eee an oe mers ae eee Dale as = ene oe ecls aee ye 29 2 3 
EGE EC MANNTEL REIT OG tects Nyaa ea lee octal ape eteeae eae «Sale: Se SRI ST era relat 55 12 67 
Sixt MICE S pe eas. omar yee eR s\n eon. Tig cL OE G 60 18 7 

MSO CHCLREEG CET SS Es apse ios, ota aces lie PS a 2 ene mapas nn Sane ie 143 23 166 
LDPGH TB FaaNYS VCO TTA egS eaten ee ape SL ok a aka 264 38 302 
URES AC HTIMt OUT esate se esare eee e sise en ee onic nee ce aE 50 5 55 
ROO MEMCENt SUTAISN i NOUTE cee ane ee Lon eee Soe Lane ee 109 34 143 

1 Composited from the mill streams listed above it. 
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TABLE 27.—Results of examination of mill streams employed in the manufacture of a 
straight flour (sample No. 17128-L-Z) milled from blended wheats. 

Bran 
Stock. particles. Hairs. Total. 

BLS bat tcp 202 0 cee ey SO rs aE NM Sa ELIE re pce SSS fe Ste aoe 334 162 496 
Secon dibredle.=....2.. 221022 oinow Sass aa See eee ew en wi wieciem te eenion e osc 150 83 233 
Thirdsbreake ..22 pee ees See Ree eS NE 5 SD ee eee ee eteees oe 118 53 171 
MOunineD tea Ke tx 5h s es Saas see oe etnen Bae eens. cs come mmeh eee 118 50 168 
METth brea eet. ks doeeeoeticc ec oee eae See ee en eee se ee mene 296 101 397 
Mainstanid Glngs:. olsc See Sos eas ek eee Sep ence eet oueeets 66 31 97 
Second middlings. . 41 21 62 
Third middlings. . . 69 26 95 
Fourth middlings. - 38 23 61 
Fifth middlings...-..- 74 36 110 
Sixthemig dlings.-2.c.c.-50se0 ca ccie sos Sees eee Pe wee ee eee 70 87 107 
Seventh mid dlings:..2<.5 220.22 422th cae ie cis in gs SEe ence eee asee 63 26 89 
WAITSUSIZIN GS) = oc cx sean nG sucee eek oo See ees eee Roe eS ae eee cee 56 11 67 
NOCONASIZIN GS Sos cssse esas hence eats ete sa meee = oe eae een oe eee ile 107 34 141 
MATS EGAN ES 256 so cece hee ee a he eee Se sae nee See nee Sees 134 43 17? 
SOCOM TaWings 3522 - ones eaten SSER Dae cee oes ee eee sc eecerscesoae 108 48 156 
PACA CUES ez 2 cs cteaterstel a crescciens aos oie ese te Nea Sees ces meres einire ee eA peers 132 63 195 
MallCutSi2 c= ceases onceace Senet yess Sees fa Fe balsa cess asceeh seabees 130 70 200 
Straight Hour lsc vcs dew ne Sao Soe tos a Set be cee ake eees hone seas tae 87 37 124 

i Composited from the mill streams listed above it. 

GENERAL CONCLUSIONS ON STRAIGHT FLOURS. 

1. The commercial grades of so-called straight flours ranged from 
90 to 100 per cent. 

2. The average total offal count obtained on all commercial straight 
flours examined was 111. 

3. Straight flours showed a decided variation in the total offal 
count obtained on different samples from various mills. 

CLEAR FLOURS, 

Clear flour, so-called, is often considered among millers as being a 
mixture of odds and ends of the milling stocks. Low grades of mid- 
dlings and break flours often pass into it, although frequently it con- 
tains the purest quality of middlings stock from the tail of the mill. 
Clear flours which were said to have been milled from hard, soft, and 
blended wheats, respectively, were examined. 

CLEAR FLOURS MILLED FROM HARD WHEATS. 

Thirty-one clear flours stated to have been milled from hard wheats 
were examined. Their percentages ranged from 6 to 52. Table 28 
shows the counts thus obtained. 
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TasBLe 28.—Results of examination of clear flours milled from hard wheats. 

Commer- 
Sample No. ee Bleached. Eee Hairs. Total. 

“Per cent 
clear.’’ 

AS ODI Kea rsrajejsiaiors\eis\sivic nit sin viene cee sss GS PIMGSercrte ccc ier 331 132 463 
eal te OO een mes cistereminct 5 sala gactersees ele SWING Eee eis 238 166 404 
117i eS) Die BPI Oop a Pe ee ea LO: MINObee eee see 366 50 356 
TIALTIAI= 1 Od Sa eae eset Se ame eae ees ae 12 N@p eke Se EN 191 98 289 
Miles ay eer au eye os a/c cle ticim/eielsiajele 1 BAA WEIN K0) 3 ales eat en 197 77 274 
USB ATES DDB a Ae rast eee 13 ING eR eee ea aaee 156 126 282 
LGAs OT OS URE a al ee yu ere a 14 INO Sae ke eae 294 223 517 
GAD Ne Awe ape es eNO Sic c Say cietesis sisiowla ee 15 INOB Rare ance 181 102 283 
ibs eee aia a eile ae LIN O)ab Boe E Geet 271 184 455 
UZAFRAIU ON TINIS SGA I ee ie seein a ea get 15)" | GING ee aeons was 241 62 303 
TPTRSS al tr] BY on RA ae a a ea ea 16): (NOR eo. 2 193 136 329 
TI 7/Ldesk see Lp) 2 8 A EN eS oe eee 16 thas Re Aes a ea 127 119 246 
TIFUT GIS TIN Ser ae av Pa BR EH (1s) josies se er a ae ae 65 39 104 
DVO A Ee ee ee ee ae a 22} FINO BeBe eens acme 82 68 150 
BO ORES ree ee er ote aici sniz wisi 22) cl NIOS meee set cies Sey 71 67 138 
TSS IGQO KAD D553 a SB SOO Re Bee aS ee mee 23: SCA ecicciacissisiee 131 124 255 
TESTO Ko DNS oe eee 23 SWS ees et oe erie 410 196 606 
RAIS GV eerie ois sana oes eet oa ee DAs PIN Oa Sectors oats ra 172 140 312 
TiGQBIKAG). SSB b ean oe eae mae 25) INGE ES ome eee 193 204 397 
Repl O— Ke VENER ope tas ieee Se a Sa cteratatelet Nae Ke 2) Ga SABES BOOe 158 102 260 
LUZ SMI BS Bo SU VO Nase 25s TMNT OM epee settee 316 71 387 
TLE Df fs Be See Be Cee Seems eee 26 INO Ree ey RE 271 93 364 
TERESI BA Dea eee Se ae ian em acres 274 Opes ae 92 71 163 
PRE ON G —Keerepy ey a WAS RR ele ee aa 27% | Lightly-~=...--...-. - 79 57 136 
1 GL IV EK SS h6 Ro SBMS BS eee Se een 27 -pobleavaly. sssasc4-- 77 49 126 
VT G/T Sg RTE A ee ra ee ee BO! OP eene Reiser ake 127 178 305 
PASC laa Bias a BO Ce eros BO! INO B SS ee 268 43 311 
LETS SIKAINL Ue eee oe Se ee eset 35) “pWesmrcters(s4 jae 118 133 251 
LETS 5 eh po OS ee ne So—0) > PRD REE Rea saacce 126 114 240 
TURTON ING i SS ee ee ae TS) CBee eter ee 151 147 298 
TAMER I ea ae A a ee 52 NOs ae ae a es 72 45 117 

The bran particle count on these samples varied from 65 to 331, 
with an average of 174. The hair count ranged from 43 to 223, with 
an average of 109. The total offal count varied from 104 to 517, 
with an average of 295. 

CLEAR FLOURS MILLED FROM SOFT WHEATS. 

Thirteen samples of clear flour reported to have been milled from 
soft wheats were examined, these samples varying from 54 to 50 
per cent as far as commercial grades are concerned. Table 29 gives 
the results obtained. 

TABLE 29.—Results of examination of clear flours milled from soft wheats. 

Com- Bran Sample No. mercial Bleached. particles.| Hairs. | Total. 
grade. : 

Per cent 
clear.”’ 

LTT DIE CSI Se NIN ee RAT SR eS be sey EY Sa ues estes errs ree 243 155 398 
LIST Bp) EC Br I et a Sen INO w ee es waa 244 164 408 
IPT OTC EC Dl Bl DR a ee ee aT Tal (GO) oS SOS See eeEae 282 99 381 
gh Sn AU Ae ee emma na ic NSC Ls 20 i VeNIOBe ee eee caer 137 66 203 
ETS P NYE AE MU el UG em el ena eee 25 INO Mseie na so ee ee 308 30 338 
TST SPT AD 1D ASAE IN ae Oat a eee ean 80 VIGSR eee ese ane 245 167 412 
AEB NG ee te Sr fo ae 30 PINO Meee aa 208 143 351 
LT LDS AD) esi Ti Shaye hie ee BUENA CoSo GAA se see 235 44 279 
UTEP INOS PRA Si aa ie taau ee nceeel oats 30) PANO pee ne 160 40 200 
LCL Sa] Lod BAY 2 pe eB SO ca UR pe 5s PBSEe ee cote cee 247 39 286 
UNG (1s — Gr Geer Gu eae OS ee BO HipeVesmern een cee 126 32 158 
LEZ Me) 8) ia hae Sta ie ON i cea BOL NOReer essere 177 68 245 
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The bran particle count varied from 126 to 308, with an average 
of 218. The hair count ranged from 30 to 167, with an average of 
86. The total offal count ranged from 158 to 412, with an average 
of 306. 

CLEAR FLOURS MILLED FROM BLENDED WHEATS. 

Twelve samples of flour stated to have been milled from blended 
wheats were examined. The commercial grades ranged from 10 to 
30 per cent. Table 30 gives the results of the examination. 

TABLE 30.—Results of examination of clear flours milled from blended wheats. 

Sample No nea Bleached Bran | Hairs. | Total Sample No. a : particles. airs. otal. 

“Per cent 
clear.”’ 

BIN 9—iRZ Di stoie ds aposemun sieeka-ceea~ceug secs 10 IN Oak Nis ceta mace 115 61 176 
1 AB rel Oe ee no 2 ee eee ee VSS HENO occatasoaecesees 127 65 192 
17123-L-GG......-.--- eee oases Sane 1bcnISNOe ct ose se ceeeee 250 73 323 
D725 —-G'G se etn eget ee aio dees eee Se 15 IN Ocra.ctt 2 Shigcsisteiele.s 297 40 337 
AI 1S =O a ee se tS ohh Sayre a QOESIINO 22 Sate ccceamoues 209 96 305 
WIOOS8 Ke. 2 Siow ae sak se ed ea iceiclere Was INO 226i sz ostcee ce 76 45 121 
BLOQ4= Ke. Ek hs eee cneocbece ees 27% | sLightly:.. =. <.::-. 55 49 104 
MOOD = Kee Steer: Senate cea ke ee eens 274 | Heavily........... 61 47 108 
W7PS2= HIS ct fees Set eens sen sels BOMEIBNO s-seseceoeeeeee 166 142 308 
47173-L-Y.......-- BA eRe eine Meerut oleae 40 IN OMe! cee ee 112 98 210 
R772 BID ss Seek. Sr nae ee Cee eee SOCEM OS vent receeee 88 44 132 
VTID9 STA Wis soo wcticls cece foe here eenca as DOHMGN OF. Sz icieca ese ires 111 67 178 

The bran particle count varied from 55 to 297, with an average 
count of 139, and the hair count varied from 40 to 142, with an 
average of 69. The total offal count varied from 104 to 337, with 
an average of 207. 

MILL STREAMS EMPLOYED IN THE MANUFACTURE OF CERTAIN CLEAR FLOURS. 

Tables 31 and 32 record the results obtained on certain mill 

streams which were employed in making up clear flours. As in the 
case of the commercial grades already considered, these figures are 
merely submitted to demonstrate the quality of the stocks that might 
be used in such a flour from the standpoint of offal material. 

TABLE 31.—Results of examination of mill streams employed in the manufacture of a 
clear flour (sample No. 17148-L-BB) milled from hard wheat. 

Bran 
Stock. particles. Hairs. Total. 

oo a a S| 

Mirstand third) prealcs iss ees oe ee te etree, se aioe aeeteere H 310 59 369 
Second breaks (228. Co ses erase ace ee cee ete eee eee ek see ee eee 324 42 366 
Phirdsbreak sca cecscesccs sac etee cece ease ase (Oke eee ee cence eee 628 107 735 
Pourth Dreake sc. ecsiencecetecseuae ook tee eens Setar Besta ay oe Ser | 810 213 1, 023 
MITSt LAN eSieeaca toh ne 2 ante me eee erp =O VO Ef 2 een Soe ea ee 120 5 125 
Second taillingsiss eet sees. coc sees ee ees a ee eee eee eee ene | 120 4 124 
DPHirdspallimpste~ccwcecwee emcee < ee SARE EA Se SE ae ee ee oe eee ene 38 1 39 
OUrtH ballin eSoy oe csiecmceiscce oc ce Se eee eet eee eacnee etapa | 567 72 639 
Mist perm ph OUTS “Scale se amos. one ee ee eee eee es See | 430 38 468 
Second perm Hour. 5.220 dena Sete Seated Ht see wetness ee 560 33 593 
Hirstidustingsdl Ourjeeeceesc- = eke. eee ee eae eee eens eer | 184 28 213 
Thirdaustings fl ures see assis tae eee ee ee eee eee 110 15 125 
Dust collectonmmatenialt ssc. + cee eee an ct eae ener eee 575 99 674 
25 per cent:clear flounl: <2: acts .cciecolons saat seca eee eee ee eee 316 71 387 

1 Composited from the mill streams listed above it. 
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TABLE 32.—Resulis of examination of mill streams employed in the manufacture of a 
clear flour (sample No. 11079-K—JJ) milled from hard wheat. 

Bran | 
Stock. particles. Hairs. Total. 

TESTSYE, LOSER ERA A Sk I pa a a Sa (ae RN ee 196 165 361 
Cg Mayra Lapeer es (Cl aVSFENG ess Fa 2 SANS sett ER rc cr 120 121 241 
Third break (tail)..........- AO as LRTOIMEN eno cy oi e222) AUS npr i Uae a He 100 103 203 
DBPL G MOTI GUNTI SEER eee AAS REN Ae Sag he 3 Rec Mn ay ciaer 28 24 52 
fSetze ion rane fokal bh avedsyy averse) agen agony hac yee map a Sgt ya) 4-4 lg ay 46 45 91 
LeNaty TANT CL CUNT TN TSH GEE) He yee iia Ee se he eee ae Sie 55 26 81 
SpMeniuMmMcdlines (head) i see Sool e. savin\. cineisisieeleeics oes se ristcisinicls 56 27 83 
LOTS R CSTV A Ta d3) ots ES se 2a a core SN ee op oes 87 31 118 
MTsHtaianes (Mead) eke a eee ee ee 151 58 209 
AMIN Stabe Ia SS (GAM) eee heave spate eet eee a : 87 32 119 
22 per cent clear flour! 82 68 150 

1 Composited from the mill streams listed above it. 

‘GENERAL CONCLUSIONS ON CLEAR FLOURS. 

1. The commercial grades of so-called clear flours ranged from 53 
to 52 per cent. 

_ 2. The average total offal count obtained on all commercial clear 
flours ond was 273. This amount was decidedly in excess of 
the amount obtained on the commercial grades already considered. 

_ 38. As in the case of the other grades, clear flours showed a wide 
variation in the total offal count obtained on products from different 
mills. 

LOW-GRADE FLOURS. 

The low-grade flour is supposed to be made from low-grade mill 
stocks, as might be inferred from the designation applied to this 
class of products. As already stated, the better stocks, for the most 
part, are diverted into the higher grades. The streams entering 
into the composition of the low-grade flours are usually more or less 
specky, due to the presence of offal material. For this reason it is 
quite impossible to obtain an accurate count on such a flour. In 

fact, a casual microscopical examination is usually all that is neces- 
sary to determine the quality of the flour. 

LOW-GRADE FLOURS MILLED FROM HARD WHEATS. 

Hleven low-grade flours milled from hard wheats were examined, 
with the results shown in Table 33. The commercial grades ranged 
from 2 to 10 per cent, some of the samples being bleached and others 
unbleached. 

TaBLE 33.—Results of examination of low-grade flours milled from hard wheats. 

Commer- Bran * 
Sample No. cial grade. Bleached. particles. Hairs. Total. 

“Per cent 
lo ie 

grade.’’ 
LIVKU GL ead RC ohn i cans SL I La 243 91 334 
VESTS STE Sa Sete ee Na a te 24 310 129 439 
TTD AVEC OI SOE Le eee ph ee ay 24 340 131 471 
Ba A eee eeecee ate encie octiesas seine cea 24 310 112 422 
LGTY a I a NT St Se Se 3) 252 155 407 
LLEVA DECAL a SPE ae oni RSE 2-5 175 88 263 
ae ae elo aS a anay SP aN ILO el VM REA : 353 301 654 

eed Ga ea ete ee 274 335 609 
ANOS 3 SE DS a OT 8 269 264 533 
MLO TZ KO OMe eee ay ee 6 169 163 332 
TO SO = Ke= © ORE en TMI RNa nee 10 317 238 555 
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The bran particle count varied from 169 to 353, with an average 
of 273. The hair count ranged from 88 to 335, with an average of 
182. The total offal count varied from 263 to 654, with an average 
of 456. 

LOW-GRADE FLOURS MILLED FROM SOFT WHEATS. 

The eight samples of low-grade flour milled from soft wheats ranged 
from 2 to 10 per cent, with bleaching being practiced insome instances 
and not in others. Table 34 gives the results of this examination. 

TABLE 34.—Results of examination of low-grade flours milled from soft wheats. 

| 
+ Commer- : Bran par- c A 

Sample No. cial grade. Bleached. rae Hairs. Total. 

“Percent 
low- 

grade.”’ 
VIS GH HV ac cio Boats s waseine nels stos oot 250 se ee (?) 202 27 229 
UAL Sb DEG oe 3 scicaced eeeinesews sa same nse G2) 143 257 400 
DOSER ors cccelGciaren dices aecstenceccaee | 2 309 145 454 
VTLSS—TGRW ciactitaciciaisioc eicte.ois,cicicletawisicicle Pe.nteisce 3 238 261 499 
NS DB Kea 7, ie een pay hh at tales omer ai wicinte seers 44 402 219 621 
V5126=K-COCs Sas chet see ea ticeclesieeces S2 44 390 139 529 
ABB DSi a fae ccaate shaales aces oe 6 307 124 431 
LTIGS SUA ores ts tineis gon oo woe Seco eee 10 331 80 411 

The bran particle count varied from 143 to 402, with an average 
of 302. The hair count ranged from 27 to 261, with an average of 
140. The total offal count varied from 229 to 621, with an average of 
446. 

LOW-GRADE FLOURS MILLED FROM BLENDED WHEATS. 

Eight samples of flour stated to have been milled from blended 
wheats ranged in commercial grades from 14 to 10 per cent, only one 
sample of the number being represented as. having been bleached. 
The results of the examination are shown in Table 35. 

TABLE 35.—Results of examination of low-grade flours milled from blended wheats. 

Commer- Bran par- . 
Sample No. cial grade. Bleached. ticles. Hairs. Total. 

““Per cent 
low- 

grade.” 
17123-L-EE........ Loa Siypaeas nese cere sen C2) HUNG. 2 Nan cercc soc 394 59 453 
i bisotcd Drei Mee pe eet aie ea as ae ee GPa ENO 22 aie Saree etes 100 61 161 
LPL aS See Stile ve einice sSeGist eee cece: Usa INO: dees cncic eit oe 211 76 287 
UL 8 eee hee eee ae rere ae ee ee Se liG?) weseseecs saceee 357 141 498 
UE QO Spd Soe ce ee nee a aaa ARMIN O tase mereeeenceer 397 183 580 
AGS Doe ioc duscas pesca ccs ieee eee Dian NO nese Be een wes 237 94 331 
DLC 2 = EAA os cao See: Mieas saestiatye ene DO) IPSYiGS' 32) e See eeetene 281 131 412 
PTT Oe AVAL A ie So ears Salon Dee eae 10 INGE = Soe reeseeneme 262 132 394 

The bran particle count had limitations of from 100 to 397, with 
an average of 279. The hair count varied from 59 to 183, with an 
average of 109. The total offal count ranged from 161 to 580. with 
an average count of 389. 
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GENERAL CONCLUSIONS ON LOW-GRADE FLOURS. 

1. The commercial grades of so-called low-grade flours ranged from 
2 to 10 per cent. 

2. The average total offal count obtained on all commercial low- 
grade flours examined was 433. ‘This indicated that not as much 
attention was given to the purification of the stocks passing into 
such flours as was done in the case of the stocks composing the 
grades already considered. 

3. The data obtained on the low-grade flours milled from the dif- 
ferent wheats are summarized in Table 36. 

TaBLe 36.—Limitations and average counts on bran particles and hairs for low-grade 
flours. 

Bran particles. Hairs. 

Type. 

Variation. | Average.| Variation. |Average. 

x | 
TE DG LARA OE ok a a ee A a ae 169 to 353... - 273 | 88 to 335... .. | 182 
SHON EN TAREE oe Ui IE rg aN lp 143 to 402.... 302 | 27 to 261..... 140 
Blendedswheatae enc css ec e lS MPN ays tases ee 100 to 397... - 279 | 59 to 183..... 109 

EXAMINATION OF EXPERIMENTAL SERIES OF FLOUR. 

In connection with the examination of commercial flours it was 
considered advisable to examine samples of flour whose composition 
was definitely known, as far as the wheat from which they were milled 
and their constituent streams were concerned. The information in 
regard to the commercial sampies was definite enough in so far as 
the milling operator was able to judge. 

The samples of flour employed in this part of the investigation were 
milled under the personal supervision of B. C. Winslow, food and 
drug inspector, Bureau of Chemistry, United States Department of 
Agriculture. ‘The samples were prepared at a plant at Lyons, Kans., 
a portion being milled from a No. 2 Nebraska hard winter wheat, crop 
of 1914, containing from 25 to 35 per cent of yellow berry wheat, and 
another portion from a Kansas No. 2 hard winter wheat. Each type 
of flour was subjected to three degrees of bleaching, thus making 
three samples for each type. Four types of flour were made from 
each wheat, a 70 per cent, a 90 per cent, a 97.5 per cent, and a 27.5 
percent. In the case of the Kansas wheat a fifth type, a 2.5 per cent, 
was made. The component streams that passed into each type and 
the results of the examinations made were as follows: 

THE 70 PER CENT TYPE OF EXPERIMENTAL FLOUR. 

COMPOSITION. 

First sizings flour. Fourth middlings flour. 
Second sizings flour. Fifth middlings flour. 
First middlings flour. Fine tailings flour. 
Second middlings flour. Coarse tailings flour. 
Third middlings flour. 
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TaBLe 37.—Results of examination of 70 per cent type of experimental flour. 

Degree of Bran a 
Wheat. Sample number. bleaching, particles, Hairs. Total. 

None.... . | 29 13 42 
No. 2 Nebraska, hard winter. Dightly 2. ceccessen 32 13 45 

Heavilyeoco ces ecten 31 18 49 
INONO 3. Sat cease oe: 10 12 22 

No, 2 Kansas, hard winter... TAPDtY = eee eee 12 9 21 
Heavily.....c.ccic- () @ (+) 

AV OTAPE COUNIE: ces escccs [So caeemee ee Soe ee os oe oars eee | 22 13 ‘ 35 

1 Not counted; infested with weevils. 

THE 90 PER CENT TYPE OF EXPERIMENTAL FLOUR. 

COMPOSITION. 

First sizings flour. Second break flour. 

Second sizings flour. Third break flour.. 
First middlings flour. Fourth break flour. 
Second middlings flour. Sharp section (middlings). 

Third middlings flour. Cut-off flour (middlings). 
Fourth middlings flour. Sixth middlings flour. 

Fifth middlings flour. Seventh middlings flour. 
Fine tailings flour. Eighth middlings flour. 
Coarse tailings flour. 

TABLE 38.—Results of examination of 90 per cent type experimental flour. 

| | { 

| Degree of Bran . | 
Wheat. | Sample number. bleaching. particles. Hairs. Total. 

TLOST= Kone = las 5 Sse e INONG222- Soe meeeree 50 26 7 
No. 2 Nebraska, hard winter. /|{11088-K............... Mightly22c-.-25.- 51 22 73 

11 O89— Kos Oe eee AC avilyecees eee. 50 28 78 
TbL0GRKES aoc cca ctcacee None s 2tee ere k= 5 32 31 63 

No, 2 Kansas, hard winter.../(15110-K............... Miphtly-2eses le 31 28 59 
151 Ke ss eee oe Heavily........... 28 34 62 

ANVOIGLO > seme nae ee ee Eo) 22 dren Saati asaya eae ey eee ete come 40 28 68 

‘THE 97.5 PER CENT TYPE OF EXPERIMENTAL FLOUR. 

COMPOSITION. 

First sizings flour. Fourth niiddlings flour. 

Second sizings flour. Fifth middlings flour. 
First middlings flour. Fine tailings flour. 
Second middlings flour. Coarse tailings flour. 
Third middlings flour. Second break flour. 

Fourth break flour. Third break flour. 
Sharp section (middlings). Eighth middlings flour. 
Cut-oft flour (middlings). First break flour. 

Sixth middlings flour. Fifth break flour. 
Seventh middlings flour. Ninth middlings flour. 

Flour from dust-collecting reels. 

TABLE 39.—Results of examination of 97.5 per cent type of experimental flour. 

| Degree of Bran . 
Wheat. | Sample number. bleaching. particles. Hairs. Total. 

TWOQ0S Kearse cee IN'ONCsea ieee tees 42 28 70 
TIL OQI = Ke seo wcntemiee= Tightly Ses esata a os th 

‘ T1099 Ki onc aeye toes TOA VIL Ye So comeaces 
No. 2 Nebraska, hard winter) 1510¢ KK... <.......c0s. None......sccse.. 57 39 96 

IDLOTAKe See cceeeeee Maightlyescceeces 43 29 72 
1SL08=Ke coe eseecee Heavily... .s-decce 28 30 58 

AVOTa8G) 22-554 ccc meee Seen ode aa ern OP |-cceeceese ees eee tees 44 30 74 
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THE 27.5 PER CENT TYPE OF EXPERIMENTAL FLOUR. 

COMPOSITION. 
Second break flour. Cut-off flour (middlings). Fifth break flour. 

Third break flour. Sixth middlings flour. Ninth break flour. 

Fourth break flour. Kighth middlings flour. Flour from dust collectors. 
Sharp section. First break flour. Seventh middlings flour. 

Taste 40.—Results of examination of 27.5 per cent type of experimental flour. 

Degree of Bran | 
Wheat. | Sample number. bleaching. particles. Hairs. Total. 

M1 OOS KG eis ci sci ciate las INOde) so sSog4550cse6 76 45 121 
No. 2 Nebraska, hard winter.|)11094-K..............- WapIn lye ecrawese ce 55 49 104 

: TH OOH Kees lEicenwilhyaspoagesens 61 47 108 
HM — Keene cence ee INO) bagdgecsnooae 56 65 121 

No. 2 Kansas, hard winter.../415116-K........-.-.... Migintl yy eps = ice 49 51 100 
LN (eee ecisjace re 25a ele Lea illtypeweres eee 51 40 91 

INYO Sh ESBS GES SAB SS G6 COS UE AUC SPORE RET EEtanel NS ES cGecedeOnuCe acre 58 49 107 

THE 2.5 PER CENT TYPE OF EXPERIMENTAL FLOUR. 

COMPOSITION. 

Bran duster flour. Shorts duster flour. 

Cut-off flour from seventh middlings. Cut-off flour from ninth middlings. 

TABLE 41.—Results of examination of 2.5 per cent type of experimental flour. 

Wheat | Sample number Degree of Bran Hairs Total : P : bleaching. particles. : © 

Ua PS ea None serie Resor ate 310 129 439 
No, 2 Kansas, hard winter...},15119-K............... Toh tly ees es ee 340 131 471 

AST 20 Ke seeae eehs Heavily. 223% 2. 310 112 422 
PSV OTIAC Om eye arate ata ee] Wraraie alata aici o a crate bis ei cceis cits | MEP ores einioaie eames - 320 124 444 

GENERAL CONCLUSIONS ON EXPERIMENTAL TYPES OF FLOUR. 

The best grade of flour of the experimental series averages a, lit- 
tle lower in total offal count than the best grade in the commercial 
set, being 57 for the commercial flours and 35 for those of the experi- 
mental set. The two intermediate grades of the commercial flours 
were higher in the offal count than similar grades in the experimental 
series, the count being ill and 273 for the commercial flours and 71 
and 107 for those of the experimental set. Both of the lower-grade 
flours, that from the commercial and experimental sets, respectively, 
compared very favorably as far as the offal count was concerned, 
these figures being essentially minimum ones although approxi- 
mately representative of the two products. 

SUMMARY. 

1. Microscopical technique was devised for the enumeration of 
the offal material in flour of various commercial grades. 

2. The data obtained on the various commercial grades of flour 
demonstrated that there was little uniformity in the matter of grad- 

ing finished flours in different mills. 
3. The experimental data submitted have shown a wide range in 

the offal content among flours of the same commercial grade (appar- 
ently) produced by different mills. 

4. The information obtained concerning the samples examined 
leads to the inference that all mills do not composite finished flours 
in the same manner. 



32 BULLETIN 839, U. S. DEPARTMENT OF AGRICULTURE. 

5. The microscopical examination of the constituent streams en- 
tering into the composition of a finished flour shows the effect of the 
addition of different mill stocks on the resulting offal content. 
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INTRODUCTION. 

There are nearly 2,000 farmers’ mutual fire insurance companies in 
the United States. Most of these farmers’ mutuals are strictly local 

concerns, confining their business to a single county or at most a few 
adjoining counties. Many even limit themselves to a fraction of a 
county. These companies, generally speaking, have been very suc- 
cessful, and they are saving the farmers of the country a large sum of 
money every year by reason of the relatively low cost at which they 
furnish insurance protection. 

One of the greatest needs of a large percentage of these companies 
is a system of records which is simple and sparing in its demands 
upon the time and effort of the secretary, and yet makes readily 
available all necessary information concerning the business of the 
company. This need has been emphasized on many occasions by 
officers of farmers’ mutuals. The desire for greater uniformity in 
the records of these companies has frequently been expressed also 
by supervising State officials as well as by the companies’ officers 
gathered in conventions of State or national associations. 

Norr.—Acknowledgment is due Messrs. G. A. Nahstoll and A. V. Swarthout, in- 

vestigators in market business practice, of the Bureau of Markets, for suggestions em- 

bodied in this bulletin. 
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The system outlined on illustrated i in this bulletin is intended for 
farmers’ mutual fire insurance companies of the prevailing type both 
as to membership or size and as to method of doing business. It is 
the result of a careful study of the needs of these companies and of 
the forms and systems of records now in use. In this connection 
numerous conferences have been had with experienced secretaries 
and managers. It is believed, therefore, that the system recom- 
mended will meet the needs of these companies, and that it will aid 
in bringing about a reasonable degree of uniformity. 

SYSTEMS NOW IN USE. 

While the present methods of keeping records and accounts are 
almost as numerous as the companies, they may be roughly classified 
into three groups, according to the plan of keeping the main insur- 
ance records, in what is most frequently called the policy register. 

The three methods of keeping the policy register, which are char- 
acteristic of these groups, may be briefiy described as follows: 

I. The policy register, either permanently bound or in loose leaf 
form, contains a description of the policies written on a horizontal 
line extending across one page only, or across the two pages of the 
open book. The right-hand page of the book frequently contains 
spaces for entering a limited number of successive assessments. In 
other instances this latter feature is lacking and separate assessment 
lists are made out for each assessment levied. In some cases the 
various sums of insurance applying to specific units or groups of 
property are recorded in this book, while in other cases it contains . 
only the total amount of each policy, together with such necessary 
items as number of policy, name of policy holder, etc. 

II. The policy register is in what may be termed the ledger form. 
Under this plan each member is allotted a page or half a page in this 
book. The upper part of the space allotted to a member contains the 
entries descriptive of the policy, either with or without an itemized 
transcription of the insurance carried, while the lower part of the 
space provides a place for debits and credits. 

TIT. A card system is used for the policy records. The main dif- 
ference between this plan and that referred to under IT is that the 
records relating to a single member are entered on a card about the 
size of a page in this bulletin, instead of on a ledger page. Asa rule 
the cards are filed alphabetically, thus eliminating the need for a 
separate index book or set of index cards. 

SYSTEM RECOMMENDED. 

The system here suggested is built upon Plan I, as above outlined, 
since this form of policy register, when accompanied by certain other 
simple but necessary books, is believed to combine to the greatest 
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extent the essentials of simplicity and convenience with a maximum 
of readily available information. 

Plan IT necessitates a considerable amount of posting or transcrib- 
ing of items from the policy register to a book of summary accounts 
ora general ledger. It therefore presupposes a more thorough knowl- 
edge of bookkeeping principles, and requires a certain amount of 
additional clerical work. A book of ordinary size soon becomes filled 
if a page, or even half a page, is allotted to each member. Hence the 
records become bulky and require a relatively large safe for their 

accommodation. 
In spite of the many advantages claimed for the card system of 

records, here referred to as Plan III, only a few farmers’ mutual 
insurance companies have adopted it and some of these have ex- 
pressed their intention to return to the book form of records. The 
secretary of a farmers’ mutual, in a very large percentage of cases, 
is neither a trained bookkeeper nor an accountant, but rather a 
practical farmer by experience who has been induced to devote a 
part or all of his time to the local insurance company. Under these 
circumstances it seems that the tendency for a card record to become 
lost or misplaced more than offsets the convenience with which such 
records can be systematically arranged, dead records removed, addi- 
tional records inserted, etc. The essential disadvantages of Plan II 
in the way of necessary posting or summarizing can also be charged 
against Plan III. For these reasons Plan I, which is at present the 
prevailing plan, has been used as a basis for the system here sug- 
gested, each book of which will be found briefly described as well as 
illustrated in the following pages. The books comprise a policy 
register, a book for increases and cancellations, a cash receipts book, 
a cash disbursements book, and an index book, or its equivalent in a 
set of index cards. To these books, each of which is practically in- 
dispensable to the keeping of complete records and the avoidance of 
needless labor and confusion, there have been added two books in- 
tended to make possible the keeping of a historical summary of the 
company’s business in condensed form. One of these provides for a 
periodic summary of policies and risks and the other for a similar 
summary of receipts, disbursements, and balances or cash on hand. 
A general ledger and various other books will of course be needed 
by the larger mutuals, which, as a rule, employ trained bookkeepers, 
but it is thought best not to complicate this discussion with considera- 
tions involving technical bookkeeping or accounting. 

POLICY REGISTER. 

The policy register suggested allows for each policy two horizontal 
lines or spaces running across the two facing pages of the open book. 
In the forms intended for actual use the two spaces intended for the 
record of a single policy should be separated by a faint line, while 



oe A 
(a=) 

a 

| 

: 

PEA 

: 

© 

a 

fa | 

ee 

an 

a 

Se 

1 

i 

in 

hal 

a. 

la 

a Sloot 

| if 

i= 

—d 

4 
cal 

' 

S 

4 

tied 

ewe 

Eg 

aa 

4 

- 

ee 

, 

A 

| 

i 

; 

a 

“ha. 

rap 

QR 

[s|zis] 

[siz 

7 
BES” 

lolol 

ort 

yy 

\olols|z 

Ly 

perres 

Daa 

ia) 

; 

O10] 

& 

F 

= 

71 

LU 

ei, 

an 

hake, 

eae 

&ts 

S eR) Re] Xfo|.S elo} |7 86 67 OlOlz| | LM glolsie|z| | 2° eg | For yor 73S feo 

@ 

ool9|7 

LPS 

GIU 

“PErtiog 

2D 

Lag 

ea 

ols|a|7jol¢s 

te 

™O 

lolololz 

Dp 

pros 

LI 

AS 

LE 

Ta 

Bat 

ee. 

a 

| 

| 

P67 

Yong 

BFS) 

Promry 

~ 
ip 

|9eHF 

& 

OL 

cI 

lai 

el 

rae 

UL 

OL 

6 

8 

L 

9 

gq 

p 

e 

a 

I 

4 

3iv0 

LNNOWV 

31va 

INNOWY 

31iva 

Innony 

=) 

peeae: 

2 

q 

2 

e 

y 

AG 

N3NVL} 

ALNIdONd 

uaawnn 

fA he ssv1) | ssv19 | ssv19 | ssw19 | ssv19 SNOLLVVISDNVD S3SVaNONt AQMOd TWNIDINO NOLLYD 15 ss3uaav anv awn [nS 

GaHey 

“dav 

| 
NolWwv.07 

3SNv19 

39VOLNOW 

SSV1) 

AG 

ADNVYNSNI 

SJONVYUNSNI 

4 

YALSIOAA AQIIOd 

a
d
n
g
 
p
u
n
y
 

f
e
y
 

‘T 
4
0
g
 



5 RECORDS FOR FARMERS’ FIRE INSURANCE COMPANIES. 

c
s
 

\ A
N
3
I
W
A
V
E
 

‘ 
d
O
 

3
i
v
a
 

V
O
N
V
Y
O
W
A
W
 

AA
a1
 

JO
 

31
V0
 

~-
"O

N 
LN
AW
SS
3S
SV
 

J--
 

ON
 

LN
AW
SS
3S
SV
 

AA31 AO 31Va0 

A
A
3
1
 

s
O
 

3
L
v
a
 

A
A
A
 

JO
 

A
l
v
a
 

Y
 

O
N
 

A
N
S
W
S
S
A
S
S
V
 

Y
a
L
S
T
O
a
N
 

A
O
I
T
O
d
 

AAA JO 31LvO 

~~ 

ON 

LNSWSS3SSV 

J~ 

~'ON 

LNAWSSISSV 

»o css as fe ob | Ja 
i 

“ 

Isao Pai) 

N
O
L
L
W
)
 

W
O
I
N
S
Y
d
 

W
O
i
W
a
d
d
 

~
T
I
9
N
V
D
 

WI
LI
NT
 

WI
LI
NE
 

A.WASSV 
NI 

iy 
swssv NIT“ sagvauON| 

NO 
|]ADI10d TVNIDINO 

NO 



6 BULLETIN 840, U. S. DEPARTMENT OF AGRICULTURE. 

these pairs of spaces are in turn separated by a more pronounced 

line. The sample pages here given (Form 1, left-hand page and 
right-hand page) provide room for recording only 10 policies. In 
practice the pages should be made long enough for the record of 20 
policies. For convenience in tracing the record of a given policy 
across the double page, the horizontal lines separating each group 
of five double spaces should be ruled extra heavy or in a color distinct 
from the other horizontal lines. 

It will be noticed that the left-hand page of Form 1 is, in general, 
devoted to the description of the policy, while the right-hand page 
provides space for the recording of fees and assessments. The head- 
ings of the various columns are believed to be self-explanatory. 
More than two-thirds of the farmers’ mutuals write policies regu- 
larly for a term of five years, and partly for this reason no special 
column has been provided for the date of expiration. In cases 
where the company writes policies for varying periods of time, and 
the expiration for this reason is not readily ascertainable from the 
date of the policy, the upper half of column 6 may be used for the 
date of the policy and the lower half for the time of expiration. 

The left-hand page of Form 1, it will be seen, includes spaces for 
recording property insured by classes, as well as for the total amount 
of the policy. A strict adherence to bookkeeping principles would 
require that extra columns for increases and cancellations be provided 
in connection with each of the five class columns in Form 1, as well 
as in connection with the column for the total amount of insurance. 

Since to do so would make the pages unduly wide, however, and since 
the changes in a given class column will be relatively less frequent 
than in the column for total insurance, it was deemed advisable to 
handle changes in the class columns by the simple plan of crossing 
out the superseded figures and entering the corrected item above, as 
shown in two of the sample entries. The columns for insurance by 
class in the policy register do not need to be refooted to show net 
amounts after increases or cancellations have been recorded, since 
these items can be obtained for the period in question from the special 
book for increases and cancellations. 

While only a relatively small number of the farmers’ mutuals at 
present classify their risks, it is becoming recognized to an increasing 
extent that justice as well as expediency demands such classification.* 

1 Under the all-one-rate plan the owners of the better class of risks pay part of the 

insurance cost of the owners of the more hazardous class of risks. Larger companies 

which do classify can underbid a local mutual which does not classify, on the most 

desirable risks in the territory of the latter, even though the average insurance cost 

be considerably higher in the larger company. Lastly. a proper classification constitutes 
one of the most effective means that a company can employ for the improvement of the 

risks in its territory, and hence for the further reduction of its insurance cost as well 

as for the conservation of the property of its members. 

A suggested plan of classification of farm property may be found in Department Bul- 

letin 530, entitled, ‘‘ The Organization and Management of a Farmers’ Mutual Fire In- 
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Assuming that classification is either now practiced, or is contem- 
plated for the near future, the books should provide space for a sum- 
mary of insurance in force by classes as well as for total amount of 
risks carried. This is necessary in order that the relative rates 
adopted for the different classes may be checked up by experience and 
altered if found to be inequitable. 

_ The initial premium, which must in any case be recorded, and for 
which space has been provided in column 18 of the policy register 
(Form 1, right-hand page), should constitute the assessment basis, 
taking the place of the amount of insurance, or what is frequently 
called the face of the policy, for this purpose. Where the suggestions 
contained in the footnote, page —, are followed, the actual calcula- 
tion of an assessment against a given policy is simplified rather than 
complicated by this method. 
When an increase in a given policy or a cancellation therefrom has 

been made, however, it becomes necessary to arrive at a new assess- 
ment basis by the proper addition, as indicated in column 20, or by 
the proper deduction, as indicated in column 21 of the form re- 
ferred to. The adjusted assessment basis is recorded in column 22. 
Each policy is assessed upon the basis of the initial premium re- 
corded in column 18, unless by reason of changes in the amount or 
classification of the insurance a new assessment basis has been cal- 
culated for the policy and recorded in column 22. 

More than two-thirds of the existing farmers’ mutuals, as already 
stated, write their policies for a period of five years. It will be 
noticed that space has been provided for five successive assessments 
against a policy. If the plan of charging one year’s cost in advance, 
as suggested in Department Bulletin 530, is followed, however, only 
four assessments will normally be levied against a five-year policy. 
Under these circumstances the fifth assessment column may be re- 
served for a special assessment in case it should be found necessary 
or desirable to levy one. 

surance Company.” The general plan of classification therein outlined has been indorsed 
by the National Association of Mutual Insurance Companies. While usable as a basis for 

classification by farmers’ mutuals located in different parts of the country, it should be 

modified, wherever necessary, to meet local conditions. 

One of the most common objections to a classification of risks has been based upon 

the feeling that it would complicate the levying of assessments. This objection has been 

removed, it is believed, by the plan outlined in Department Bulletin 530, namely, that of 

levying the assessments upon the basis of initial premiums collected, instead of upon 

the amount of insurance carried. Where the initial premium rates have been properly 

adjusted this plan is entirely equitable, and it is fully as simple as the plan of calculat- 
ing assessments upon the amount of the policy In the absence of legal provisions 

prohibiting or unduly restricting advance assessments, such initial premiums may 

properly cover approximately one year’s cost of insurance. Assuming that such is the 
case, the directors, instead of voting an assessment of 25 cents per $100 of insurance, 

aS Might have been done under the old plan, call for an assessment of 90, 100, 120, or 

some other per cent of the initial premium. 
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INCREASES AND CANCELLATIONS. 

The keeping of a special book for increases and cancellations, while 
adding no data not already contained in the policy register, is never- 
theless highly important. Its value lies in the convenience that such 
a book offers in making up a summary of the business for any given 
period. Such a summary is necessary at least once a year, when the 
report to the State insurance supervisor and to the members gathered 
in annual meeting is called for, and it is likely to be desired at least 
quarterly, if not monthly, by the officers and directors of the com- 
pany. In the preparation of such a summary the amount of insur- 
ance written in the form of new policies issued is easily found from 
the main record book. Similarly the amount which has regularly 
expired may be ascertained by the relatively simple process of find- 
ing the net amount (original amount, plus increases, less cancella- 
tions) of a consecutive list of policies in the policy register. The 
amounts added to or canceled from existing policies during the year 
or other period for which a report is desired, however, will be scat- 
tered over a considerable number of pages in the policy register, since 
these adjustments are made not only in policies written during the 
year in question, but also in policies one, two, three, or more years 
old, depending on the term for which insurance is written by the 
company. To go through the list of all these policies in the main 
record book and pick out the changes that apply to the current period 
becomes a tedious task. <A special book for increases and cancella- 
tions makes the process of summary one of mere addition of columns 
of figures without any tedious search for the items to be taken into 
account, This convenience more than offsets the extra work involved 
in the double entry of increases and cancellations. 

In the models for this book (Form 2, left-hand page and right- 
hand page) provision has again been made for keeping the record 
by classes as well as for recording the total amount of increases and 
cancellations. 

CASH RECEIPTS AND DISBURSEMENTS. 

The cash-receipts book (Form 3), and the cash-disbursements 
book (Form 4) contain special columns for such classes of items as 
frequently occur, and a catch-all column for such items of receipts 
or disbursements as occur only rarely. Such a plan saves much 
work when a detailed report of the company’s affairs is to be pre- 
pared. The column headings in these books are believed to be serv- 
iceable for most companies, though it is advisable to consult the 
blanks furnished for annual reports by the insurance supervisor of 
the State in which the company operates, before deciding upon the 
exact headings to be used for these columns. 

While it is the general custom to combine Forms 3 and 4 into a cash 
book, the receipts occupying the left-hand page and the disburse- 
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ments the right, this plan is very wasteful of space on the disburse- 
ment side when followed by a mutual insurance company. The re- 
ceipts in this business consist of a large number of small sums, while 
the disbursements, of which losses constitute as a rule the most im- 
portant class, consist in general of much larger sums correspondingly 
few innumber. Only by using a smaller desk book for the recording 
of. the daily receipts and then transferring the footings of the pages 
in this book to a regular cash book is it possible without undue waste 
of space to have receipts and disbursements on opposite pages in a 
regular cash book. Some secretaries actually follow this latter plan 
but it has been avoided here in order that the forms and methods 
presented may be as few and simple as practicable. 

In the cash-receipts book should be recorded every individual cash 
item received by the company. A representative of the company 
may, of course, send in at one time a sum representing a dozen or 
more individual fees and premiums and there may be a temptation 
to reduce the number of entries by recording only the total sum 
received. To do so, however, is to make difficult the checking of the 
fees, premiums, and assessment items in the cash-receipts book against 
the same items as recorded in the policy register, and such checking 
becomes necessary in case the totals for the corresponding items in 
the two books do not agree. 

ANNUAL REPORT. 

The main data wanted for an annual report in the case of a 
farmers’ mutual fire insurance company are as follows: Cash on 
hand at the beginning of the year; cash receipts and cash disburse- 
ments during the year, both properly itemized; cash on hand at the 
end of the year; amount of insurance in force at the beginning of 
the year; amount of insurance written during the year; amount of 
insurance which has expired or been canceled during the year; and 
net amount of insurance in force at the end of the year. 

The cash on hand at the beginning of the year will, of course, be 
the same as cash on hand at the close of the preceding year. The 
itemized cash receipts during the year will be found by adding up 
the various columns in the cash receipts book and the sum of these 
amounts will represent the total receipts during the year. Similarly, 
by adding up the columns in the cash disbursements book, the losses 
during the year as well as the amounts paid for expenses of the 
various kinds indicated by the column headings will be found, and 
the sum of these amounts will represent total disbursements during 
the year. To the cash on hand at the beginning of the year is then 
added the total receipts during the year, and from this sum is sub- 
tracted the total disbursements. The amount thus obtained repre- 
sents the cash on hand at the close of the year. 

150641°—Bull. 840—20-—_2 
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Occasionally it will be found necessary or desirable to make a 
more detailed subdivision of the items found in the columns headed 
“All other receipts” and “All other disbursements,” respectively. 
Since the entries in these columns in the case of the average farmers’ 
mutual will be relatively few, such further classification of these 
items will involve but a small amount of work. 

The method of ascertaining the amount of insurance in force has 
already been referred to in connection with the book for increases and 
cancellations. Jt may be briefly summarized at this point. The 
amount of insurance in force at the beginning of the year will be 
the same as amount in force at the end of the previous year. The 
amount of insurance written will be found by adding to the sum 
of the figures in column 5 of the policy register entered during the 
year the sum of the figures in column 2 of the record of increases 
(Form 2, left-hand page). 

The net amount of insurance which has expired during the year, 
by virtue of the termination of the pericd for which it was written, 
will be found from the appropriate sections of columns 5, 7, and 9 
in the policy register. Assuming that policies are written for a uni- 
form period of five years, as is the case with more than two-thirds 
of the farmers’ mutuals, the net amount of expirations during 1919, 
for example, will be the sum of the original amounts of the policies 
written during 1914, plus the sum of any increases made to these 
policies, less the sum of any cancellations therefrom, as shown in 
columns 5, 7, and 9, respectively, in the policy register. To this net 
amount of expirations is then added the sum of all cancellations dur- 
ing the year, as shown in column 18 of the special book for increases 
and cancellations, which column should include all cancellations, 
whether of parts of policies or of entire policies the regular period 
of existence of which has not yet elapsed. The sum thus obtained 
will represent the total amount which has expired or been canceled 
during the year. ; | 

The amount written during the year is then added to the net 
amount in force at the beginning of the year, and from this sum is 
subtracted the amount which has expired or been canceled during the 
year. The difference represents the net amount in force. 

Similarly, the amount in force in each class may be found by add- 
ing to the amount in force in that class at the beginning of the year, 
the amount written in that class during the year as a part of original 
policies, plus the amount of all increases in the class for the same 
period. From this sum is then subtracted the amount in the same 
class which has expired or been canceled during the year. The sum 
of the net amounts obtained for the several classes should again give 
the net amount which the company has in force, and should, of course, 
agree with the amount obtained by the first process. 
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The cash receipts and disbursements are in little need of explana- 
tion from the point of view of making out a report. It may be 
pointed out, however, that a check upon the accuracy of the most 
important items of receipts is to be found in the policy register. 
The policy fees and initial premium in columns 17 and 18 of the 
policy register for the period in question, plus the policy fees and 
initial premiums, respectively, in columns 9 and 10 of the record of 
increases (Form 2, left-hand page) for the same period should, of 
course, equal the corresponding receipt items in the cash receipts 
bock, proper allowance having been made, when necessary, for fees 
and premiums reported but not yet remitted by those receiving ap- 
plications for insurance. Similarly, the assessment column in the 
policy register, which was filled out before notices of assessment were 
sent, should balance the amount of the assessment column in the cash- 
receipts book, allowance having been made for any assessments not 
yet paid. 
What has been said concerning the procedure in the preparation 

of an annual report will apply also to the preparation of a summary 
of the business for any other period of time, such as three months, 
one month, a week, or a single day. 

INDEX OF POLICY-HOLDERS. 

To facilitate the finding of a policy record when the name of the 
member but not the policy number is at hand, it is necessary to have 
some form of index. As the system of records here suggested is in- 
tended for the farmers’ mutual of ordinary size, only a relatively 
simple index system need here be considered. Such an index sys- 
tem can be provided for, either by an index book with a page or a 
few pages given to each group of names coming within a given 
range of the alphabet, or by an alphabetical card system. To avoid 
a possible confusion of names, however, and for further convenience 
in locating a record, not only the policy number, but also the address 
of the policy-holder and the page of the policy register on which 
the record of his policy is found, should be recorded in the index 
book, or on the card. 

In a small company using a book for index purposes, the grouping 
of names may be based on the first letter of the names only. For 
companies with 500 or more members it is desirable to make somewhat 
smaller groups. Assuming that the book used as an index contains at 
least 120 pages, two facing pages may be allotted to names belonging 
to each of the following alphabetical groups as determined in general 
by the first two letters of the names: Aa-Al, Am—Az, Ba, Be, Bi-Bo, 
Br, Bu-By, Ca—Ce, Ch-Cl, Co—Cz, Da, De-Di, Do—Dy, Ea—Em, En- 
Kz, Fa-¥i, Fo-Fy, Ga-Gh, Gi-Go, Gr-Gy, Ha, He, Hi, Ho, Hu-Hy, 
I, Ja—Ji Jo-Jy, Ka-K1, Kn-Ky, La—Le, Li-Ly, McA~McL, McM— 
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McZ, Ma, Me—-Mi, Mo, Mu-My, Na-Ni, No-Ny, O, Pa—Pl, Po-Py, Q, 
Ra-Ri, Ro, Ru-Ry, St.-Sa, Sc-Si, Sk-So, Sp-Sy, Ta-Th, Ti-Ty, 
U-V, Wa, We, Wh, Wi-Wo, Wr-Wy, X-Z. The sets of guide letters 
should be carefully written or printed near the upper outside corners 
of the pages which are assigned to them, respectively. It is also an 
easy matter to provide labeled tabs for the edges of the appropriate 
leaves so that the book may be opened, in one movement, at the pages 
containing the group of names desired. 

Under this plan Adams, for example, would be listed in the first 
group, Aa—Al; Barber would be listed in the third group, Ba; Blair 
in the fifth group, Bi-Bo; etc. Any other alphabetical grouping 
more or less detailed than the one given above can, of course, be used. 
In general, the larger the company the more detailed should be the 
grouping. Form 5 shows a simple and convenient form for an index 
book. 
Few existing farmers’ mutuals, as already stated, favor the card 

system so far as the policy register is concerned. For the index sys- 
tem, however, the card plan has proven fairly popular. Since it is 
rarely necessary to remove the index cards from their regular place, 
the danger of misplacement of such cards is considerably less than is 
the case with cards used as a policy register. Index cards 3 by 5 
inches in size can easily be obtained. The cards for this purpose may 
be ruled as shown in Form 6. Guide cards can also be secured with 
sets of guide letters printed thereon, similar to those suggested above. 
The guide cards should be of the so-called one-fifth cut, so that the 
tabs on the cards containing the guide letters stand in five rows across’ 
the card drawer and are all readily visible when the drawer is open. 

PERIODIC SUMMARIES. 

The forms described will make available, when properly used, all 
the current information necessary for the farmers’ mutual of the 
prevailing type. The provision of two more-books is desirable, how- 
ever, as a means of keeping in convenient and condensed form the 
insurance and financial history of the company. Form 7, left-hand 
page and right-hand page, provides for periodic summaries of policies 
and risks, while Form 8, left-hand page and right-hand page, pro- 
vides for similar periodic summaries of receipts and disbursements, 
together with the cash balance at the end of each period. Both forms 

may be used for daily, monthly, quarterly, and annual summaries as 
desired. . 

Some of the farmers’ mutuals at present make a complete summary 
of their business only at the end of the year, at which time, as a rule, 
a report is required by the State insurance department. Frequently 
the only form used for an office record of such summary is an extra 
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copy of the report blank furnished by the above-mentioned depart- 
ment. Other companies make quarterly summaries, and yet others 
also make monthly summaries. With suitable forms available it 
requires but little extra work to check up the business fully each 
month and to combine the monthly figures into quarterly summaries, 
from which in turn the figures for the annual report are easily ob- 
tained. This practice will frequently save considerable time and 
worry by the detection of errors while their probable location is con- 
fined to a comparatively few sets of figures, and while the incidents 
connected with the figures are relatively fresh in the mind of the 
record keeper. 
Assuming that it is decided to make monthly and quarterly as well 

as annual summaries, the figures for the monthly summaries will of 
course be taken from the books of original record. A quarterly sum- 
mary, however, would be arrived at by the simple process of com- 
bining three monthly summaries. In making such a quarterly sum- 
mary for policies, on the left-hand page of Form 7, the sum of the 
three monthly entries in column 4, after being properly recorded, 
would be added to the earliest of the three entries in column 3, and 
the amount entered in column 5. The sum of the three monthly 
entries in column 6 would then be subtracted from the quarterly fig- 
ures in column 5 and the difference entered in column 7, as repre- 
senting the number of policies in force at the end of the quarter. ~ 
The quarterly summary for risks or amounts of insurance would be 
ascertained by a corresponding process. | 

In making a quarterly summary for receipts and disbursements 
on Form 8, the three sets of monthly entries in the columns 4 to 10, 
inclusive, are added and the sum recorded for each column. The 
amount of these sums, after being checked against the sum obtained 
by adding the three monthly totals as found in column 11, is then 
entered in this column as total receipts for the quarter. This latter 
sum, namely, the total receipts, is then added to the earliest of the 
three monthly entries in column 3, representing cash on hand at the 
beginning of the period, and the amount of these two sums is re- 
corded in column 12. The three sets of monthly entries in each of 
the columns 13 to 20, inclusive, are then added and the amount of 
these sums, after being checked in a manner corresponding to that 
suggested for total receipts, is then entered in column 21 as total dis- 
bursements for the quarter. Finally, the total disbursements are 
subtracted from the quarterly figures in column 12 and the difference 
entered in column 22 as cash on hand at the end of the quarter. 

The quarterly summary figures should be entered in ink of a color 
which clearly distinguishes them from the monthly figures from 
which they are derived. 
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An annual summary is derived from the four quarterly summaries 
in a manner corresponding to that in which a quarterly summary is 
derived from the monthly summaries. The annual summary figures 
may be entered in ink of the same color as used for the quarterly 
figures, but attention should be called to them by a special ruled line 
above the horizontal space in which they occur, with a double ruled 
line below the space. 

CONCLUSION. 

Over 1,500 farmers’ mutual fire insurance companies, or more than 
three-fourths of the total number of such organizations, are rela- 
tively small and local concerns. In these local companies the sec- | 
retaries, who also act as general managers, almost invariably keep 
the records of their respective companies without the aid of trained 
bookkeepers or accountants. Where one man is, at the same time, 
secretary, general manager, and bookkeeper, the emphasis in his 
selection is very properly placed upon character, good reputation, 
and practical knowledge of farm risks, rather than upon technical 
knowledge of bookkeeping. It is not surprising, therefore, that the 

forms and plans for keeping records now in use by these companies 
are frequently deficient. In some cases they fail to furnish the in- 
formation desired either by the directors of the company or by the 
State insurance departments, while in other cases they involve much 
duplication of work and of data without any corresponding benefit. 
A special need of a large percentage of these companies, therefore, 
is a system of records which furnishes the necessary information and 
is at the same time as simple and nontechnical as the nature of the 

business permits. 
The system here suggested, while adaptable to all assessment mu- 

tuals, has been prepared with a special view to meeting the needs of 
the numerous local farmers’ mutual fire insurance companies. It is 
believed to embody the methods of keeping records that experience 
has shown to be most practicable in making available necessary 
information without imposing needless work or requiring special 

technical training. 
For the convenience of those interested in the system of records 

recommended and described in the preceding pages, the Department 
of Agriculture, through the Office of Farm Management, will sup- 
ply, free of charge, printer’s copy of the various forms here illus- 
trated. In so far as its facilities permit, the Office of Farm Manage- 
ment will also render other assistance, when requested, in connection 
with the adoption and installation of the system suggested in this 
bulletin. 
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INTRODUCTION 

The western grass-stem sawfly (Cephus cinctus Norton) (fig. 1) is 
in many ways one of the most interesting and important insects that 
has attracted the especial attention of economic entomologists in 
recent years. It is a species native to the United States and has been 
gradually coming into prominence since the beginning of the present 
century by reason of the change which the feeding habits of the larvee 
have been undergoing subsequent to its discovery. Originally a grass 
feeder, it is becoming a serious menace to the grain growers of the 
Northwestern States because of its acquired appetite for small grains, 
within the stems of which it now subsists. 

Such changes of diet are probably occurrmg everywhere with 
greater frequency than formerly was deemed possible, especially 
among the phytophagous insects of the Middle West. When given a 

1 The writer wishes to express his appreciation of the assistance afforded by Messrs. J.C. Crawford, A. B. 

Gahan, and S. A. Rohwer, of the Bureau of Entomology, in the preparation of this paper, the two 

former in determining parasitic material reared during the progress of the studies of the sawfly, the latter 

in making a critical examination of a large series of sawfly individuals reared or collected irom various 

parts of North America, and for furnishing detailed descriptions of Cephus cinctus besides a key to the 

North American species of the genus Cephus. Helpful criticisms from these men have added to the value 

and accuracy of the paper. 

The writer desires also to mention the valuable assistance and cordial cooperation of Mr. Norman Criddle, 

entomological field officer for Manitoba, Canada; of Mr. A. P. Henderson, of Bottineau, N. Dak., and of the 

several county agents in the infested areas, who have aided in various ways in the accumulation of infor- 

mation and material. 

150056°—20—Bull. 841——1 
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chance to feed upon the various cultivated plants grown in bulk by 

the farmer or gardener, many of these insects gradually desert their 

native host plants and to a greater or less degree change their habits, 

including in their fare the more succulent and easily found food. 

HISTORY 

The existence of the western grass-stem sawfly was first made 

known in 1890 when Mr. Albert Koebele reared adults from larvee 

that were mining in the stems of native grasses growing in the vicinity 

of Alameda, Calif During the next year, 1891, the species was 

described under the name of Cephus occidentalis by Messrs. Riley and 

Marlatt, from a series of individuals reared by Mr. Koebele and also 

Fiq. 1.—Western grass-stem sawfly ( Cephus cinctus): Adult female. Much enlarged. 

from cotypes that had in the meantime been collected in Nevada 
and Montana.’ In connection with this description the prophetic 
suggestion was made that: ‘‘The economic importance of this species 
arises from the fact that.it may be expected at any time to abandon. 
its natural food-plant in favor-of the small grains, on which it can — 
doubtless successfully develop.” 

Nothing more was heard of this sawfly until 1895, when the late 
Dr. James Fletcher, Entomologist to the Dominion of Canada, swept 
adults at Indian Head, Northwest Territories, on July 5. He believed 
it to belong to the European species, Cephus’ pygmacus L., and under 

1 Koebele, A. Notes. In U.S. Dept. Agr. Div. Ent. Insect Life, v. 3, p. 71, 1890. 

2 Riley, C. V., and Marlatt, C. L. Wheat and Grass Saw-Flies. In U.S. Dept. Agr. Div. Ent. Insect 

Life, v. 4, p. 168-179, 1891. (See p. 177-178.) 
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this name it was mentioned in his report for 1896' with the further 
statement that wheat straws containing Cephus larve had been sent 
in by Mr. John Wenman of Souris, Manitoba, who stated that the in- 
jury done by them was very slight. Nevertheless the prophecy of five 
years before had been fulfilled, since these grass feeders actually had 
attacked small grain. 

In 1902 Dr. Fletcher reported, in a private letter, that he had found 
the larvee numerous in grasses in the Northwest. In 1905 and 1906 
Mr. G.I. Reeves, an agent of the Bureauof Entomology, noted the work 
of the larve in various grasses, chiefly Agropyron sp., in Wyoming 
and the Dakotas, and in 1906 the same observer found the larvee 
attacking wheat sparingly near Kulm, N. Dak. 
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Fic. 2.—Distribution of the western grass-stem sawfly in the United States. 

_ August 31, 1907, Mr. E. O. G. Kelly, then an agent of this bureau, | 
noted a few wheat straws near Minot, N. Dak., that had been bur- 
rowed by the larve of Cephus. 

In 1908 Messrs. F. M. Webster and G. I. Reeves foun the larvee of 
Cephus werking in grasses in the Willamette Valley in Oregon. In the 
same year Dr. Fletcher again called attention to this insect, stating 
that in the previous autumn it had appeared in central Manitoba and 
in the southeastern part of Saskatchewan in much more serious num- 
bers than ever before, and that the quantity of broken straws in the 
fields was causing the farmers some alarm. Mr. Norman Criddle of 
Aweme, Manitoba, a close observer and practical farmer, wrote to 

Dr. Fletcher that this fly had increased considerably during the 
last year or two, and was cena its attention to wheat and rye. 

1 Fletcher, J. Report of the Entomologist and Botanist, 1896. Can. Dept. Agr. BED, Farm, 1897. (See 

|. 229-230.) 
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August 20, 1909, Prof. H. B. Penhallow reported from Sherwood, 
N. Dak., that he had examined about a hundred fields from Minot, N. 
Dak., north to the boundary line and several miles into Canada and had 
found larvee present in every field but one. He estimated the damage 
in these fields as ranging from 5 to 25 per cent of the crop, but spoke 
of one field about 27 miles east of Sherwood where the damage was 
said to have exceeded 66 per cent. R. W. Sharpe reported similar 
damage in the Red River Valley, near Fargo, N. Dak. 

During 1911 and 1912 the writer found the species occurring freely 
in the native grasses in various parts of Utah, and as occasion offered 

Fig. 3.—Plants of Elymus condensatus growing along the railroad right of way. The natural habitat of 
the western grass-stem sawfly in Utah. 

the life history of Cephus was learned. Most of the facts in this 
paper are the result of this study. (Fig. 3.) 

During the years 1913, 1914, and 1915 the writer has found this 
sawfly almost universally distributed over the Dakotas, Minnesota, 
Iowa, and Nebraska, feeding in Elymus, timothy, and Agropyron at 
Elk Point, 8. Dak., in Agropyron tenerum near Chamberlain, S. Dak., 
in timothy at Edgeley, N. Dak., in Bromus inermis near Merricourt, 
N. Dak., in Elymus canadensis at Shakopee, Minn., in practically all 
these grasses near Sioux City, Iowa, and in wheat, timothy, and 
Elymus near Minot, N. Dak. It seems to have little choice in the 
various native grasses and is ready to attack any of the cultivated 



THE WESTERN GRASS-STEM SAWELY. 5) 

sorts provided the stem is sufficiently large for the larval gallery. 
As a rule, the larger, more robust stems are chosen for attack, espe- 
cially in cultivated grasses such as timothy and Bromus. Blue grass 
and similar slender-stemmed species appear to be immune. It is a 
little surprising that a minute examination of Stipa viridula from 
New Mexico developed the fact that none of the stems of this robust 
grass were infested. This Stipa was gathered in northern New 
Mexico, growing in almost the same latitude as the Elymus condensatus 
near Pinto, Utah, where the fly abounds. 

August 25, 1916, the writer, then at Pierre, S. Dak., received 

instructions from the Bureau of Entomology to visit Bottineau County 

Fic. 4.—Wheat field of Thomas Yeam, near Souris, N. Dak., showing heavy damage done by the western 
grass-stem sawfly in 1916. 

in North Dakota and investigate injury to wheat. It was believed 
locally that the Hessian fly was responsible for the damage that was 
being done. A very superficial examination of the injured fields 
proved beyond a doubt that the Cephus was present in large numbers 
and was doing an immense amount‘ of mischief. Every field was 
infested, not only in Bottineau County, but in the adjoining counties 
of Benson, Pierce, McHenry, and Rolette. Near Souris, a few miles 

south of the Canada line, a large field of wheat on the farm of Thomas 
Yeam was fairly carpeted with the ‘‘straw-fallen” grain. (See figs. 4 
and 5.) The loss from Cephus injury in this field was estimated at 
60 per cent or more. Six feet of drill row here were taken at random 
and examined plant by plant. Forty-eight infested stubs were found, 
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an average of eight to each foot of drill row. This would mean 150 
to the square yard or about 726,000 larve to the acre. Higher counts 
were made later in this same field, so the average may be larger than sta- 
ted. During April, 1917, Mr. Yeam’s field was again visited and a ran- 
dom square yard marked out and counted. Two hundred and sixty-nine 
infested stubs were taken from this yard, which would mean more 
than 1,300,000 larvee to the acre. Fifty of these stubs were opened 
and 47 of the imprisoned larve that had spent the winter within the 
straw were found to be normal and very much alive. The proportion 
of living individuals among the hibernating larvee seldom falls below 
this ratio. : 

Fic. 5.—Bird’s-eye view of wheat in Thomas Yeam’s field, Souris, N. Dak. Ninety per cent of these fallen 

wheat stems have been mined by the western grass-stem sawfly. 

The spring of 1917 witnessed a peculiar condition of things in 
Bottineau and the adjoining counties of North Dakota. The dry 
weather hindered the growth of both grasses and grains, so that when 
the adult Cephus began to appear in June there was almost no oppor- 
portunity for oviposition. Stems of Bromus from chance sods grow- 
ing among wheat and on waste ground were filled with eggs. Young 
plants of spring wheat that had barely begun to joint were attacked 
and often contained as many as three and four eggs placed in the 
stem close to the ground. With a few strokes of the net 136 adults 
were swept from young wheat, so numerous were the flies at that time. 
In spite of the unfavorable oviposition conditions of that spring, the 
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eggs appear to have hatched and at harvest time the majority of the 
wheat stems had been bored and many were cut off at the base. 

Careful harvesting and the use of horse rakes saved a large proportion 
of what otherwise would have been a total loss. The infestation 
was much more general than in 1916. 
A somewhat hasty reconnaissance was made through north-central 

- North Dakota in August, 1919, that it might be ascertained as 
definitely as possible just how the Cephus attack was progressing. 
A number of fields in Bottineau County were examined and found to 
be heavily infested. Most of these had been raked after harvest and 
it was consequently impossible to compute accurately the percentage 
of infestation. The numerous sawfly-inhabited stubs in the drill 
rows, however, proved the severity of the attack. It was roughly 
Ponmeged that about 30 per cent of the grain had gone down in most 
of these fields as the result of Cephus work. This figure is probably 
very conservative. 

It is conceded by many observers in that region that the injury 
during the year 1919 was greater than during any previous year since 
the study of this pest was begun. . More fields had been seriously 
invaded and were injured to a larger extent than had before been 
observed. Even fields of durum wheat, hitherto believed to be 

nearly free from fly attack, were severely injured in 1919, if the 
statements of reliable farmers are to be accepted. The question of 
immunity of durum wheat will be discussed later in this paper. 

It may be stated, however, that the farmers are profiting by past 
experience and have used horserakes in stubble fields to such an 
extent that the percentage of actual loss of grain has been reduced 
to a small figure. The quality of grain from the fallen straw is 
naturally somewhat below the normal, since the work of the larve 
in the stems produces some injury in the heads as they fill. 

Cephus was found mining wheat near Hettinger in southwestern 
North Dakota, July 18, 1917. September 22, 1917, infested wheat 
was found near Mott, 30 miles north of Hettinger. In October of 
the same year many wheat fields in Towner and Cavalier Counties, in 
northeastern North Dakota, showed heavy infestation, although dur- 

ing the previous year it was difficult to discover more than a trace of 
Cephus presence in the wheat in this region. None was found in the 
vicinity of Fargo, although it doubtless occurs throughout the entire 
Red River valley. 
A gathering of sods of Elymus canadensis sent to the writer from 

Charleston, Mo., during the summer of 1917 contained at least one 
larva of Oypean cunctus that had been boring the stem of this grass 
in that region. This locality is a little south of the latitude of Pinto, 
Utah, where this insect abounds. - 
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Roughly speaking, so far as is now known, the sawfly inhabits an 
area bounded on the north by a line far into Canada; on the east by 
the Mississippi River, or probably a little east of that; on the south 
by latitude 36°; and by the Pacific Ocean on the west. 

From the foregoing brief summary of its history it will be seen that 
Cephus cinctus is distributed over an immense territory and that it 
constitutes a potential menace to the small grains throughout this 
vast area. As the acreage of native grasses is decreased from year 
to year by the bringing of wild lands under the plow, pests such as 
the sawfly will be forced to depend in an increasingly large measure 
upon the small grains and other products of the farms. On this 
account the injury caused by these formerly harmless insects bids 
fair to increase steadily. In the past the numbers of grass-feeding 
insects such as the one considered in this paper have been governed 
mainly by the supply of food plants. A dry summer that retarded 
the growth of long-stemmed grasses would automatically reduce the 
numbers of the insects that lived within these grass stems and perhaps 
bring certain species to the point of extinction. It is easy to see 
how seasonal fluctuations in vegetation would, to a large extent, 
either multiply or diminish the numbers of these insects. 

Then again, the farmer, by introducing fields of grain into a region 
previously uncultivated, brings in conditions unknown before and 
invites the attack of these and other formerly harmless insects, 
making it possible for them to become a menace to his future. Such 
a study of life history as has been attempted in this paper is urgently 
necessary in order that control measures may be undertaken suc- 
cessfully when such insects become pests. 

FOOD PLANTS 

The various species of Agropyron and Elymus, genera both of 
which are well represented in the West, appear to have been the 
original hosts of the larve. Since their feeding habits have been 
modified by changing agricultural conditions, the list of their present 
host plants, so far as known, stands as follows: 

Elymus canadensis Agropyron occidentale Calamagrostis spp. 

Elymus condensatus Agropyron caninum Festuca sp. 

Agropyron tenerum Hordeum jubatum Wheat 

Agropyron richardsoni Bromus inermis Durum — 

Agropyron smithir Phleum pratense Spelt 

Agropyron repens Deschapsia sp. Rye 

Barley probably should be added to this list. 
Since the larva is wholly unable to move from one stem to another, 

it is very obvious that the host stem must be large enough to afford 
both shelter and food during its entire growing period. Hence only 
the larger-stemmed grasses can be mined successfully by the Cephus 
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larve. Occasionally an unusually vigorous plant of a slender- 
stemmed grass, like Hordeum jubatum, affords stalks with diameter 
sufficiently great to be attacked by Cephus. 

- Small grains, such as wheat and rye, readily serve as hosts to this 
insect, eee ees are of suitable size and the length of their grow- 
ing season coincides with the growth of the larva. Evenif harvest time 
should happen to come before the maturity of the larva, the reaping 
machine probably would sever the stem far enough above ground 
to leave the larva below the sickle cut, where it could house itself 

safely before the end of the season. 
Judging the future by the recent past, it seems probable that this 

fly, before another decade is past, will be found attacking practically 
all of our native and cultivated grasses and most of our grains. 

It must be remarked in this connection that up to the present time 
this species has confined itself entirely to the West and has been 
found in only a few localities east of the Mississippi River. Its choice 
of wheat for food has taken place, so far as known, only in North 
Dakota and western Canada, although it is probable that Montana 
wheat fields have been invaded. From present appearances its 
attacks probably will be confined to vegetation growing within the 
area where spring wheat is sown. 

THE EGG 

The egg of Cephus cinctus is, when newly laid, decidedly crescent- 
shaped, glassy in appearance, milky-white in color, usually quite 
symmetrical, the ends of the crescent tapering and rounded. It is 
marked by very faint, short, longitudinal lines or wrinkles, placed 
without regard to order or pattern. 

The size of the egg varies with the size of the female that pro- 
duced it and measures from 1 mm. to 1.25 mm. in length. The 
ereatest breadth is about one-third the length. 

The covering membrane is hyaline and transparent. Although 
very thin and delicate it is sufficiently strong so that the egg may be 
safely lifted and moved by the aid of a fine brush. The egg always 
lies free within the stem of the host plant, either in the stem cavity 
or in a hollow excavated by the ovipositor of the female that placed 
it. This cell is always a little larger than the egg, so that it 1s com- 
paratively an easy matter to remove the egg to a moist cell or else- 
where for study. 

The number of eggs distributed by each female appears to vary 
but little. Dissections of a number of adults taken in the field and 
of others reared in captivity agree in most cases in giving a count of 
about 50 eggs in the ovaries, these eggs being, as a rule, equal in 
size and apparent maturity. 

150056°—20—Bull. 841——2 
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DEVELOPMENT OF THE EGG 

After a number of trials it was found to be impracticable to rear 
the egg in situ, Since it was next to impossible to maintain the proper 
moisture conditions within the stem. The method that finally was 
adopted, and that gave excellent results, was to remove the egg 
from the stem and place it in a minute drop of water within a small 
thin watch glass which was then immediately inverted on a glass 
slip and sealed with a ring of water to prevent undue evaporation. 
This form of moist cell proved quite satisfactory and permitted con- 
tinuous examination of the egg with a moderately high-power lens 
during the entire period of incubation. It was found necessary, in 
order to continue the requisite moisture supply during a period of 
several days, to invert over the sealed cell a larger watch glass and 
over this in turn a tumbler. In this manner evaporation was re- 
duced to a minimum... It is altogether probable that the amount of 
moisture in such a protected cell exceeded that normally present 
within the grass stem, but in every egg treated in this way the incu- 
bation appeared to proceed naturally. 

Temperature and moisture are, without any doubt, the prime 
factors that hasten or retard the egg development. The temperature 
maintained within the laboratory during the course of these inves- 
tigations was much more equable than that in the field, where, as in 
Utah, the heat of the sun through the daytime, followed by a chilly 
night, must alternately hasten and check development. The data 
given below, therefore, may only approximate what actually takes 
place under field conditions. | 
A few hours after the egg leaves the oviduct the milky-white con- - 

tents of the egg which at first completely filled the envelope shrink 
a little from each end leaving a transparent space or vacuole. Grad- 
ually the interior mass of exceedingly minute particles coalesces 
until about the second day when a series of faintly discernible cells 
arranging themselves along a central axis begins to appear. Early 
on the third day the form of the larva can be dimly seen, the head 
being almost transparent and fillmg one end of the egg sac. The 
body is looped on itself, the cauda folded beneath the abdomen and 
extending forward nearly to the head. By the close of the third 
day the abdominal segments are usually well defined. 

During the fourth day, in most cases, a spasmodic and intermit- 
tent heart beat may be noticed. These pulsations become more and 
more regular as the hours pass and during the fifth and sixth, days 
the heart beats with much regularity at the rate of about 120 im- 

pulses per minute. At intervals, for some unknown reason, it may 
slow down to 75 beats, but soon resumes its former rate. 

The head appears abnormally large at this time, but although its 
general outlines are well defined the brown jaws and eye spots are 
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not yet visible. Over night, at the close of the fifth day, the jaws 
turn brown and the eye spots appear and darken. Usually, after 
the fourth day, the muscular system of the larva is in almost con- 
stant motion, shifting and adjusting, with the heart pulsating and 

the muscles moving, all clearly to be seen through the transparent 
membrane that serves as the shell. 

The activity of the larva within the sac increases during the sixth 
day, and either on this day or the seventh it escapes from its confine- 
ment by a series of convulsive movements that rupture the delicate 
sheil and set it free. 

After the first day the egg changes shape, becomes intumescent, 
generally loses its crescentic shape entirely, and grows oval or reni- 
form in outline. 

THE LARVA 

When it escapes from the egg the larva (fig. 6) possesses a very large 
head armed with a pair of powerful biting jaws, a weak, slender body, 
and a most vigorous appetite. It is very 
active from the start and begins almost at 
once to feed upon the living parenchymatous 

tissue by which it is surrounded in the inte- 
rior of the stem, excavating for itself a 
threadlike gallery both above and below the 
spot where the egg formerly lay. The larva 
is at first nearly transparent and colorless 
until it becomes filled with the tissue on 
which it exists. 

The body segments are strongly and clearly 
marked from the time the larva leaves the 
egg. The jaws are brown, three or four fic. 6.—Western grass-stem sawfly: 
pointed, the points chisel-shaped, beveled See pee, Sreaiy 
on the inside edge. The brown face plate 
is filled with crossed bands of striated muscular fiber that actuate the 
powerful jaws which form the most important item of the domestic 
economy of the young Cephus. The caudal horn, by means of which 
the larva moves up and down in its gallery, is also brown and is 
armed, even in the first instar, with a series of stout bristles at the 
base of its cylindrical and squarely truncate extremity. The larva 
is footless, the position of the legs being marked by minute, rounded 
tubercles terminating ia a few short bristles. 

Although the primary excavation made by the larva may extend 
for a short distance above the egg cell, the general course of the 
progress is invariably downward. In its earlier stages of existence, 
at least, the larva traverses its gallery several times, swallowing 
repeatedly the same fragments of tissue that have already been 
devoured during the first excavation of the stem. Young larve are 
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frequently found several inches above the lower end of the boring, 
moving through the solidly packed ‘‘sawdust.” As the larva ap-_ 
proaches maturity it is doubtful if it ventures into the upper and 
slender part of the stem, but it still reworks the frass farther down, 
enlarging the bore in places, 

The number of instars is difficult to determine, owing to the larval 
practice, just referred to, of passing all the frass several times through 
the digestive apparatus. Nearly all the cast skins disappear com- 
pletely under this treatment, only the heavily chitinized parts such 
as the jaws and caudal horn being recognizable in the burrow. Care- 

Fia. 7.—Western grass-stem sawfly: Mature larvee removed from their galleries. Eniarged 4 diameters. 

ful investigation of these fragmentary remains appears to establish 
the fact that there are four molts. The contents of innumerable 
stems have been examined with scrupulous care and with varying 
results. In a few cases as many as four sets of jaws and in others 
four caudal horns have been found, mixed with the frass within the 
stems. Seldom were more than four sets removed from a single 
stem; usually only three were found. As is stated elsewhere in this 
paper, it is no uncommon thing to discover two and even three 
larve mining a single stem, although but a single individual can 
possibly reach maturity with the amount of nutriment contained in 



THE WESTERN GRASS-STEM SAWFLY. 13 

one stem. It is believed that the larva that finally reaches maturity 
has devoured its rivals. It is obvious that the remains of these 
superfluous individuals would naturally be counted when a census 
of exuviz was undertaken and would complicate the result. But 
from the best evidence obtainable it is almost certain that there are 

five instars in the larval life of this species. 
The length of the larval period is probably about 60 days, varying 

more or less with the warmth of the summer and the state of maturity 
of the host stems. The acceleration or retardation of the oviposi- 
tion period owing to an early or late spring has much to do with the 
date of maturity of the larve, and possibly with the length of the 
larval period. August 29, 1911, at Kimballs, Utah, at an elevation 
of 7,000 feet, the writer found mature larve in stems of Elymus 
condensatus. The next year, at the same place, 
oviposition was beginning freely during the first 
week of July. The determination of the larval 
period is wholly inferential, based upon the find- 
ings in a series of stems (figs. 7 and 8). 

The full-grown larve vary greatly in size, their 
growth being governed, as is usual in the case of 

such borers, by the quality and quantity of food 
consumed. Those living in wheat stems are 
much smaller as a rule than those found in rank- 
growing grasses such as Elymus. Measurements 
of a series of individuals give variations of from 

8 to 14 mm. in length and from 1 to 2 mm. in 
diameter. 
When mature the larva always seeks the ex- 

treme base of the stem, where it soon begins its 
preparations for hibernation. Its first moveis to fe. 8.— Western grass-stem 
cut a neat V-shaped groove entirely around and ee Se eee: 
inside the stem, usually at ora little above ground 
level. This groove never severs the stem completely, but so weakens 
it that the upper stalk, swayed by the wind, will break off com- 
pletely when dry, leaving a stub that is very characteristic of the 
work of this insect (fig. 5). In this simple manner the larva provides 
for the easy escape of the adult in the following summer. The length 
of the stub thus formed varies greatly. In Elymus condensatus the 
stub sometimes will project above the ground as much as 3 or 4 
inches, while in other grasses, and especially in wheat, stubs easily 
can be found less than an inch in length in all. 

Instances have been observed where two or more grooves had been « 
cut inside the same stem, as if the larva had been uncertain as to the 
best place for severing the grass. After cutting its characteristic 
groove within the stem the larva forces a mass of the débris into the 
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bore just below the groove and in this manner plugs the upper end 
of the stub that is to be left in the ground after the upper stalk has 
been broken away (figs.9,10,and 11). This dry frass in some manner 
is packed firmly into its place, perhaps by means of pressure rather 
than by being cemented with a liquid furnished by the larva, since 
the plug is readily penetrated by moisture. This is somewhat 
remarkable in view of the fact that an undue amount of moisture 
appears to have a disastrous effect upon the mature larva. One 
would suppose that these stubs, often wholly submerged in water- 
soaked earth for weeks at a time, would absorb, during the long 
period of hibernation, a fatal amount of dampness from the rain or 
melting snow. But there is no evidence that this ever happens. 

Fic. 9.—Western grass-stem sawfly: Infested wheat stubs from Bottineau County, N. Dak. 

September 16, 1911, one of the larvee was removed from the hiber- 
nation chamber and placed in a small vial, still inclosed within the 
siken tube or cocoon, which was unbroken: For months this larva 

remained passive and motionless except when the vial was exposed 
to bright sunshine. Because of the light or heat, or both, when 
placed in the sunlight it would become active at once, and travel up 
and down within its cocoon in its efforts to escape. January 20, 

1912, to prevent the air in the vial from becoming too dry a small 
drop of water was introduced and the vial again corked tightly. An 
hour later it was noticed that the silk tube had collapsed and the 
larva within was limp and apparently dying. The surplus moisture 
was removed quickly, whereupon the larva revived almost at once. 
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If the same amount of moisture had entered the stem where the 
larva was hibernating it probably would have caused its death. 
This experiment, taken in connection with others that were not so 
directly conclusive, seems to prove that the porous plug in the stub 
must prevent in some way the admission of an undue amount of 
moisture into the chamber below, although water readily penetrates it. 

The gallery below the plug is always entirely free from débris, 
forming a hibernation chamber and later a pupation cell. Within 
this chamber the larva les with its head up and usually pressed 
against the barrier at the top, always on the alert to retreat down- 
ward at any sign of disturbance. It descends by alternately flexing 
and straightening the body, bracing itself first by the jaws, then by 
the caudal horn as it hitches its way down ‘In ascending, the caudal 
horn is thrust against 
the side of the gallery 
or the cocoon, the 
body is straightened, 
the jaws obtain a pur- 
chase to hold the dis- 
tance gained, when 
the body is again 
drawn up until the 
caudal horn is applied 
to the side wall for 
another push. 

Latein thesummer 
or during the autumn 
the larva spins for it- 
self within the hiber- 
nation chamber an Fie. 10.—Western grass-stem sawfly: Infested wheat stubs, enlarged 

diamet h ft- ow hibernating almos t transparent 3 diameters, the two left-hand ones opened to show hibernating 

larvee in si’u. 

tube of filmy silken 
tissue. This siik tube is sometimes several times the length of 
the larva, is closed at both ends, and is free from the sides of the 
chamber, so that often it can be readily withdrawn entire. When 
first constructed this fabric is comparatively strong and pliant but 
after some months it grows more brittle and is easily ruptured. As 
a rule it remains intact’ until the emergence of the adult. Even the 
presence of half a score of parasitic larvee often fails to wreck the deli- 
cate structure during the winter. 

The longevity of fhe sawfly larve is remarkable and is worthy of 
mention. September 8, 1911, a number of stubs of Elymus conden- 
satus containing Carte lore were gathered and set upright in sand 
within doors. From time to time this sand was moistened but 
finally was allowed to stand perfectly dry. During October, 1912, 
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these stubs were examined and a number of the inclosed larvee were 
found to be still living, active, and unchanged. Four months later, 
17 months from the time they were gathered, they were still alive 
and feebly active. infested stubs of the same grass taken during 
September, 1912, and treated in the same manner, contained at least 
one living larva on February 23, 1916, 3 years and 5 months later. 
The others had nearly all died within about 30 months of the time 
they were gathered. It is possible that the lack of necessary moisture 
may account for the retardation of these captives. However, the 
same retardation of development has been noted in the field. Inhab- 

ited stubs of the previous year’s 
growth of grass and grain not infre- 
quently have been found, containing 
larve that were to all appearances 
entirely normal and active. It ap- 
pears more than probable that in this 
manner the perpetuation of the spe- 
cles 1s assured in case of unfavorable 
seasons. 

During the winter the larve are, 
of course, frozen, or are chilled into 
immobility and show no signs of life 
~when disturbed. Assoon as the earth 
warms in the spring they again grow 
active and move freely up and down 
within the limits of the silk-lned 
hibernation chamber until the time 
of pupation arrives. 

THE PUPA 

The pupa when first formed is 
Fia. 11.—Stems of wheat grooved internally milk-white, slender, and somewhat 

eae of the western grase-stem sa"-- longer than the larva from which 
it was derived. Its average length 

is not far from 12 mm. and its breadth is about 1.5 mm. At first 
the pupa lies motionless within the silken pupation chamber or 
cocoon (fig. 12) for probably a day or two, after which inactivity it 
again becomes animated. When disturbed it will endeavor to escape 
the threatened danger by moving either up or down the tube, hitch- 
ing itself along in much the same manner as the larva but going a lesser 
distance with each effort. Like the larva it is almost always found 
with its head pressed closely against the plug of frass at the upper 
end of the chamber. In a few cases pupe have been discovered 
heading downward in the stem. It is doubtful if these can reverse 
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their position, but the adults which issue are probably agile enough 
to turn about and escape. 

' The duration of the pupal period is not known certainly, but is 
believed to be very brief, not more than a week at the most. After 
the first day the legs and body darken until they become a lustrous 
black within the transparent, almost invisible filmy membrane in 
which they are inclosed. This membrane is often lacking and may 
occasionally be destroyed by the movements of the pupa within the 
chamber. 

When fully mature the pupa changes within the cell to an active 
adult. This adult remains imprisoned until some unknown impulse 
compels it to force its way upward through the plug of frass placed 
at the upper end of the chamber by the larva 9 months before. The 
writer, by splitting stubs of grass or grain in June, has liberated 
adults repeatedly, which, when free, were able to take instantly to 
wing without any preliminary process of drying 
or other preparation. These adults were evi- 
dently resting, in perfect condition, waiting for 
some secret signal from the outside world before 
taking the final step for liberation. 
A very few die within the cell, possibly because 

of lack of vitality needed to break through the 
stopper of frass above them. In cases where 
the girdling of the stem was inefficiently done, 
so that the grass stalk did not break off during 
the winter season, the adult dies as a matter of 
course, since these flies apparently are not fitted 
with jaws capable of biting through the woody. oe ea ee eer 

stems of dry grass. one-half times natural size. 

THE ADULT 

The adult Cephus cinctus is a beautiful insect with a polished 
black body marked by three prominent yellow bands across the 
abdomen. The legs are yeliow and the wings smoke-colored. 

The description, by S. A. Rohwer, follows: 

Length 7 to12 mm. Head shining, polished; anterior. margin of clypeus truncate 

with angles prominent and sometimes slightly denticulate; antennz usual for the 

genus; thorax shining but with setigerous punctures on scutum; sheath nearly paral- 

lel-sided but a little broader at base, apex truncate with corners rounded; hypopy- 

gidium rather narrowly subtruncate apically. Black marked with bright lemon 
yellow, amount and extent of yellow markings varying greatly; head of female usually 

black but more rarely with face entirely yellow or having yellow spots; head of male 

black but always with yellow on face; thorax black, the upper angle of mesepister- 

num, parapteron, and scutellum (usually) yellow; legs yellow with coxz, trochanters 

(occasionally both of these having yellow marks), bases of femora more or less, apices 

of tivice and tarsi sometimes, black; hind tibiz and tarsi sometimes reddish yellow; 

abdomen black, spot or band on second tergite, band on third, fifth, sixth, and eighth 
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tergites and lateral margins of tergites yellow, the size and extent of these markings 
varying and occasionally the fourth tergite having a yellow band; wings fuliginous, 

venation dark brown, costa and stigma yellow. 

The female is noticeably larger than the male, and in the field is 
captured much more easily. 

The characteristic attitude of the adults of either sex while at rest 
is to lie flat against the grass stem, head downward, the body closely 
appressed to the stem, the legs not spread but stretched in line with 
the body while the body itself is concealed behind the closely folded, 
smoke-colored wings. The ease with which such a strikingly colored 
fly, while in this position, can escape observation, is remarkable. 
During the chill of the morning and after sundown this attitude is 
universally assumed. When basking in the sun at midday, on the 
warm side of a grass stem, the fly is much less compact, with the 
wings partly spread and the legs outstretched in order to absorb the 
utmost of the warmth. Like most Hymenoptera, this species is very 
partial to sunshine and rarely is seen abroad on a cloudy day. In 
fact, in cloudy weather it is not easy to find these flies at ail, 
unless one is entirely familiar with their habits. 

They are weak fliers and seldom travel to any great distance at 
one time. In Utah they commonly move about among the plants 
of bunch grass, making short flights from tuft to tuft. If the wind 
rises or the sun goes behind a cloud they promptly disappear until 
conditions again become satisfactory. The writer has never taken 

the adults at any great distance from their breeding places. 
Their hovering flight is peculiar, the swaying motion of their bodies 

in the air reminding one of certain tipulid flies during their mating 
air dance. They often hover for a long time to the windward of a 
erass plant without alighting, seeming to enjoy the motion. The 
males are on the wing much more than the femaies, but neither sex 
will remain in the air while the wind is strong or when itis cool. The 
adults are not at all timid and can often be readily taken from the 
erass stems with the fingers. When conditions are favorable for 
her the female is usually too intent on oviposition to be easily annoyed 
but if disturbed beyond endurance she quickly disappears, her dark 
color and slender body enabling her to vanish completely among 
the vegetation. 

Copulation is very brief, usually lasting less than a minute. No 
notes were made on the attitude assumed during the operation. 

The species is single brooded, the adults appearing during the 
spring and going out of existence some time about midsummer. 

The earliest individual met in Utah was taken in a net April 26, 
1910, in an alfalfa field. Adults have been seen in the mountains 

late in July and they probably linger longer than that, ovipositing 
in such green grass stems as they can find. Near Kimballs, in Utah, 
September 8, 1911, the writer took very young larvee from stems of 



THE WESTERN GRASS-STEM SAWFLY. 19 

Elymus condensatus, growing from plants that had been browsed by 
cattle and had thrown up fresh green stalks. 

Mr. Norman Criddle states that in Canada the adults appear during 
the second week in June and may be met with until about July 10. 
Occasionally they may be found feeding on flowers. Doctor Fletcher 
has taken them in Canada on flowers of the tumbling mustard. It 
is unquestionably true that the time of their appearance and the 
length of adult life are both largely governed by climatic influences 
and vary with the season. 
When confined in emergence tubes or other limited places the males 

develop savage instincts and attack each other without mercy, using 
their jaws freely to snip off the antenne, and, in some cases, the legs 
of their rivals. Singularly, very few of the females confined with 
them are thus mutilated. 

OVIPOSITION 

Weather conditions have always been an important factor in con- 
trolling the oviposition of very many of the Hymenoptera, and they 
are of particular importance in the case of the Cephus. These flies 
go into hiding when the day is dark, damp, cool, or windy. Only on 
bright, warm, still days are they to be found busy with the operation 
of placing their eggs. In Utah, where the first studies of their habits 
were made, the mornings and evenings are chilly as a rule, hence the 
activity of these flies is confined to the hours near midday. They 
are everywhere the most active between the hours of 10 a. m. and 
2p. m. 

The swaying of the grass and grain stems in the wind appears to 
be a hindrance to them in alighting and ovipositing. A gentle breeze 
will often keep them hovering for several minutes to the windward 
of their goal, while a sudden mountain gust is apt to put an abrupt 
end to all efforts for the balance of the day. Their actions are con- 
trolled by unknown factors, for sometimes on a still, sunny day they 
will spend much of the time roosting on the stems, while again, under 
apparently the same conditions, they are constantly in motion, flying 
and hovering a long time before alighting. 

While the female is poised in the air before a sod of grass or grain 
she is evidently busy selecting the particular stem in which she hopes 
to oviposit. Once she has chosen and settled, she seldom changes 
to another stalk, although she may halt at several places on a single 
stem and attempt oviposition at each pause. Occasionally, after a 
hasty examination, she may again take to wing and make another 
choice. Repeated observations seem to have established the fact 

_ that one of the chief requisites of a proper stem is that it shall not yet 
have put forth a head. In all the countless instances where ovipo- 
sition has been observed, the female has never been known to choose 
a stem with a head. 
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When she has made her selection of a suitable stem, the female 

usually alights about half way up and runs briskly to the upper end, 
halting almost imperceptibly every few steps. The gait of an ascend- 
ing fly is so characteristic that it determines with much certainty if 
the individual is a female intent on oviposition. 

Arriving at the apex of the stem, after a care- 
ful survey of its condition, she frequently makes 
an elaborate toilet, preening herself most care- 

fully, until she is in perfect condition. She then 
descends, exaggerating slightly the hesitating 
step by which she had ascended. The antennx 
are held horizontally in front of the head as she 
moves, and she occasionally 
touches the surface of the 
stem with their tips. There 
is none of the rapid anten- 
nal vibration so common 
among the smaller chalcids 
and many other Hymenop- 
tera. She gives no evidence 
of being in search of any 

Tic. 13.—Western grass-stem particular point, but goes 

ere ee straight down the stem. 

tec tae When satisfied that she has 
gone far enough she halts abruptly, usually an 
inch or less above the second node from the top 
of the stem, slowly arches her abdomen and 
clasping her hind pair of feet around the stem 
as far as they will reach begins to drive the 
saws into the hard outer tissue. Figure 13 
shows the attitude taken at this time. These 
saws are exquisitely fashioned, curved like a 
scimitar, double, very thin with serrated edges. 
(See fig. 14.) They are used to split the outer 
coating of the stem rather than to cut it, and 
they make an opening so exceedingly small that 
it is almost impossible to find the sear after the 
wound has healed. These saws are gradually ie. 14.western grass-stem 

forced into the stem, the operation occupying a “2Wfly: Saws, greatly en- 
minute or more. In the field the female always ees 
heads downward during oviposition and the curve of the saw blades 
brings them, when fully inserted, in a line parallel to the axis of the 
stem. They are frequently partly withdrawn and their direction 
slightly changed. When the stem is in proper condition the saws are 
thrust in several times, as far as they will go, then are withdrawn, 



THE WESTERN GRASS-STEM SAWFLY. 21 

the dorsal part of the pygidium being used as a fulcrum to extract 
them. They are inserted again, this time often with a twisting mo- 
tion as if trying to enlarge the opening. They are finally forced in 
as far as possible, as is evidenced by the tenseness of the rear legs 
straining at the stem, and are held in this position for half a minute or 
more. This is probably when the egg is deposited, the insect standing 
practically motionless except for a slight vibration of the antenne. 
A laboratory note may be of interest, giving in detail some of the 

facts that have been mentioned above: 

June 5, 1912. The adult Cephus were emerging freely from the Elymus material 

brought from the mountains, and it occurred to me it might be possible to secure some 

views with the camera if they could be induced to oviposit. Several females were ob- 

served attempting oviposition in the dry stems from which they had recently emerged. 

A green stem of Elymus was planted in a tumbler of wet sand and the camera 

focussed on this stem about midway. After a few trials I discovered that this stem 

must be short and headless. 

The females were taken from the cage and placed, one at a time, on the damp sand 

inthetumbler. Their first act in every case was to spend a long while drinking eagerly 

of the water held in suspension by the sand. A few of them sipped water for as much 

as half an hour before they could be induced to leave. When guided to the base of the 

Elymus stem they would usually ascend without a moment’s hesitation. Once started 

they would go to the very top and there would either preen themselves interminably, 

or would wheel and descend with the usual cautious, hesitating gait, a few steps at a 

time. When part way down, without apparently choosing any especially suitable 
spot, the abdomen would arch and oviposition would begin. Sometimes these efforts 

were plainly failures, but some of the flies would sink their saws well into the tissue of 
the stem and stand for a number of seconds motionless, thus affording an opportunity 
for the camera. $s 

Much time was lost to-day because of the exasperating neatness of these insects. 

Each one would brush herself over and over again with the most minute exactness and 

no amount of urging would avail to shorten the process. The same careful preening 

has been frequently observed also in the field. z 

Several life-size views of these flies were obtained to-day by the above method, views 

that would be impossible in the field because of the almost constant motion of the 

limber grassstems. Several of the females became confused to-day when compelled to 

remain on a certain part of the grass stem during oviposition, and faced up the stem 
instead of down as they invariably do, normally. 

When busy with oviposition they seem oblivious to whatever is 
going on around them, and the writer has repeatedly watched, through 
a half-inch triplet, the female manipulating her saws. Close observa- 
tion did not annoy her in the least when the lens was carefully handled, 
and she paid no attention to the proximity of the onlooker. Under 
the closest scrutiny it is impossible to determine just when the egg is 
passed into the stem. It is probably at the time when the female 
stands motionless after the saws have been driven in to their full 
length. 

The function of these saws appears to be twofold. At Pinto, Utah, 
in June, 1912, the writer found that the eggs were invariably placed 
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in a cell hollowed in the solid parenchyma of the stem of Elymus 
condensatus, this cell being a little larger than the egg. Besides 
piercing the stem, the saws are also of use in excavating this egg cell, 
in case such a cell is needed. At Kimballs near Salt Lake City, in the 
same grass, the eggs were nearly always placed in the hollow part of 
the stem, lying free in the central cavity. 

Normally but one egg is placed in each stem. However, no atten- 
tion is paid to previous oviposition and as many as five eggs have been 
taken from a single stem. As is stated elsewhere, only one of these 
larvee can possibly survive until fall, so this multiplication of eggs 
simply means economic waste for the Cephus. 

The date of ovipo- 
sition varies with the 
latitude and the alti- 
tude. At Pinto, Utah, 
on the edge of the des- 
ert country and with 
a low altitude, newly 
hatched larve were 
found June 14, 1912, 
while at Kimballs, 350 

miles north of Pinto 
and with an altitude 
of 7,000 feet, oviposi- 
tion was beginning 
during the first week 
of July in the same 
year. 

Mr. Criddle states 
that in Canada most 
of the eggs are depos- 

ited during June. The date of oviposition in the Daou and in 
Minnesota is unknown. (Fig. 15.) 

Fia. 15.—Life-history diagram of the western grass-stem sawfly. 

KEY TO THE NORTH AMERICAN SPECIES OF CEPHUS 

Through the courtesy of Mr. 8. A. Rohwer of the Bureau of Ento- 
mology a key for the determination of the known species of the genus 
Cephus occurring in North America is here presented. 

Stigma and costa dark brown of a uniform color; mesepisternum black; femora black; 

apical tergite and venter black; face and scutellum black (face of male with yellow 

SPOts)so5. ret us sees oe te es ee ee ee ee ee pygmaeus Linnaeus. 
Stigma in greater part and costa yellow; Pcp with the upper angle yel- 

low; apical tergite and usually the venter in part yellow; femora usually mostly 

Sallow: face and scutellum of female usually black but occasionally with yellow 

SPOth2s f.7 Ske aes Soe es Se See een Roe ee ee ee cinctus Norton. 
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NATURAL CONTROL 

In the usual scheme of things an undue increase of insect pests is 
controlled naturally by parasites that take a heavy toll of their hosts 
and prevent their multiplication. Under normal conditions, when 
the Cephus cinctus existed wholly in grass stems, the larvee were at- 
tacked with varying success by two or more species of parasites 
that destroyed numbers of them and kept them within reasonable 
bounds. Since the fly has begun to 
change its habits and to subsist on wheat 
and other small grains to a certain extent, 
these parasites apparently have not yet 
learned of the change and are confining 
their attacks, as heretofore, almost en- 
tirely to those larve that they find in grass 
stems. A very few parasites have been 
taken from infested wheat stubble, and 
there is little question but that in course of 
time the busy little parasites will hunt 
their prey in the grain stems and do their 
share in helping to control this pest. 

The most common parasite found every- 
where in the grasses is Pleurotropis utah- 
ensis Cwfd., a beautiful little bronze-green 
chalcid that was reared by the writer from 
numerous larve taken near Salt Lake City, 
Utah, from Cephus hibernation cells. This 
species appears to lull the larva only after 
it has formed its hibernation cell. It is 
gregarious and seldom or never attacks its 
host singly. As many as 12 of its larve 
have been taken from a single cell, but 5 or 
61s amore commonnumber. These larvee 
are white and measure from 2.5 mm. to 
3.0 mm. in length. They are somewhat We. 16.—Larve of Pleurotropis utah- 
active and travel slowly about the cell “sis ® Patasife of the western 
Maetmacure.Uhey are often found 9. 
crowded together in one end of the cell, but when disturbed will 
scatter about the chamber (fig. 16). 

Although this species is widely distributed and propagates in 
numbers it appears to destroy but a small percentage, possibly 10 
per cent of the Cephus larve in the native grasses of Utah. In 
Bottineau County, N. Dak., it attacks the sawfly very freely in 
Bromus and timothy, and in some localities has killed more than 50 
per cent of the Cephus larve. Indeed, it and one other parasitic 
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species are so numerous in these roadside grasses that it would seem 
poor policy to recommend the cutting of the grasses in midsummer 
as a measure of Cephus control. As has been stated, few parasites 
have been found in stems of wheat, but, without doubt, they will 

learn very soon of the presence of Cephus in grain fields and will 
adjust their habits accordingly: 
A braconid, Microbracon cephi, recently described by Mr. A. B. 

Gahan,' also attacks the larve in grass stems, kills them before 
maturity, and spins a gray parchment-like cocoon within the gallery, 
generally near its lower end. This cocoon is truncate at both ends, 
its disklike extremities completely filling the bore. The adult 
escapes by biting an opening through the stem in the vicinity of the 
cocoon. 

ARTIFICIAL CONTROL 

From the foregoing sketch of the life history of the western grass- 
stem sawfly it seems obvious that this pest will have to be attacked 
while it is in the larval state. The egg and adult stages are both 
brief and are clearly beyond the reach of control measures of any 
sort. For nearly 11 months the insect exists as a helpless larva, 
protected only by the grass or grain stem within which it lives. If 
this stem could be destroyed, the larva within would perish. 

The first remedy that occurs to the farmer or the student of field 
conditions is the burning of the stubble in the autumn or spring. 
It would seem a very simple matter to set fire to the stubble and 
destroy at least the majority of the sawfly larve that are hibernating 
init. But when one begins to examine the infested fields it is found / 
that the inhabited stems have been cut at the ground level or below 
so that it is often necessary to brush away the earth in order to find 
the stubs containing the larve. So little heat is generated when 
stubble is burned that these subterranean stems could not possibly 
be harmed by the quick passage of the flames. 

In 1907 Mr. Norman Criddle, in Manitoba, wishing to make a 

thorough test of this particular remedy, spread a layer of straw 
several inches deep over an infested area in a wheat field and set the 
straw on fire. More heat was produced than stubble alone could 
possibly make, the surface of the ground being too warm for the 
hand after the fire had died down. Even after this severe treatment: 
it was found that, as far as could be learned by a minute search, 
not a single larva had suffered. They had simply retreated to the 
lower end of the hibernation cell and ‘‘kept cool.” 

Another fact must be noted in this connection. When a field has 
been damaged seriously by the sawfly, the stubble remaining to feed 
a running fire is of necessity more scanty than in an uninjured field 

! Gahan, A. B. Description of a new hymenopterous parasite (Braconidm). Jn Proc. Ent. Soc. Wash., 

v. 20, no. 1, p. 18-19. Jan., 1918. 
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and consequently it would be exceedingly difficult to burn such a 
field even under the most favorable conditions. 
In Utah the bunch grass, Elymus condensatus, is much infested 
by this same fly and frequently is burned by fires that sweep the 
mountain side. This Elymus forms dense sods, with stems often 
more than 3 feet n length, and the heat from its combustion is great. 
The writer has examined a large series of burned sods and has seldom 
discovered any injury to the larve from the fire. 

These facts would indicate the futility of burning the stubble as 
a control measure. 

Although it might seem possible to decrease the numbers of the 
fly by mowing roadside and fence-row grasses during July, thus 
destroying the larve always present in the stems of these grasses, 

_ careful study has proved that a large percentage of the larve in 
these grasses 1s parasitized and therefore it would seem unwise to 
take steps that might diminish the number of parasites. Without 
any doubt grain fields in North Dakota and Canada are invaded 
regularly by sawflies that issue from grass growing along their borders. 
Still, because of the multiplication of useful parasites from this same 
grass 1t is probably inadvisable to mow the grass in midsummer. 

Deep plowing, 5 to 6 inches, is perhaps the best remedy for the 
sawfly that can be suggested at present. It is much easier to 
advise this than to put 1t in practice. In almost every plowed field 
in any part of the country each furrow is marked by a row of stubble 
projecting from the inner edge of the furrow slice. Unless the stubble 
is turned squarely upside down, burying it at least 5 inches, the 
resulting surface at the same time being compacted by harrowing or 
rolling, the flies will be able to escape with ease from beneath the 
ground. 

In the fall of 1916 the writer buried four lots of infested stubble in 
different depths of earth sifted and compacted by jarring. These 
were buried, one at 3 inches, one at 4, and 2 at 6 inches, in glass jars, 
10 stubs in each of the first two, 20 in the other two. August 6, 
1917, these cages were examined with results as follows: 
Under 3 inches of earth all adults emerged. 
Under 4 inches 1 larva died, all others emerged. 
Under 6 inches 1 adult died in the cell, 6 larve also died, 2 2 active 

living larvee still in the cell, all other adults emerged. 
Galler 6 inches 7 larvee ded in the cell, all other adults emerged. 
Lumpy soil in the field might make it sein or harder for adults to 

emerge than fine soil in a jar, and this pomt might be difficult to 
determine. 

Cultural conditions in N orth Dakota are not favorable for burying 
the stubble by plowing. Spring wheat is followed in many cases by 
winter rye which is disked into the wheat stubble after harvest. This 
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procedure leaves all the infested stems of wheat _on the surface, and 
nothing could be more favorable for the escape of the adult flies in the 
following spring. The wheat stubble seems to be necessary to hold 
the winter snow for the protection of the young rye, hence the farmers 
seldom or never plow the stubble under before sowing the rye. 

Previous to the year 1919 it had been stated with much confidence 
by men who were known to be good observers that durum wheat 
was nearly immune from the attacks of the sawfly. On the strength 
of these statements county agents were inclined to recommend a modi-: 
fication of ordinary farm practice, at least to the extent of barring 
from that region Fife and Marquis and the softer-stemmed wheats 
in the hope that by this means the work of the sawfly might be 
checked and a more certain harvest assured. It was readily seen 
that an immune wheat would solve the problem of the sawfly. 

Observations made by the writer during the month of August, 
1919, and recorded on an earlier page of this paper, included in their 
scope an inquiry into this question concerning the immunity of 
durum wheat. Farm work was too far along at the date of this 
visit to permit of effective field work to settle the matter definitely, 
but several farmers informed the writer that durum had_ suffered 
severely that year, although not as much as either Fife or Marquis. 
These reports must be accepted at their face value since the agree- 
ment on this point was general. 

The immunity of durum may vary from year to year and is 
possibly based on the relative dates of the appearance of the adult 
Cephus and the rapidity of growth of the young grain. The stem 
of the durum wheat is more dense and unyielding than that of other 
wheats, and if a warm rainy spring should hasten its growth it might 
prevent the sawfly from placing many eggs. A number of unknown 
factors enter into this problem that hinder its complete solution 
at the present time. 

CEPHUS PYGMAEUS L, 

In certain parts of the country the occurrence of Cephus cinctus 
appears to have_been confused with that of its congener Cephus pyg- 
macus, a sawfly stem-borer that was probably imported from Europe 
only a few years previous to the first mention of Cephus cinctus in the 
United States. The habits,of the two species are so similar that a 
brief synopsis of the life history of Cephus pygmaeus is given herewith 
together with a condensed description of the same insect. 

As far as is now known the imported species does not yet occur 
west of the Mississippi River, while the western grass-stem sawfly 
has been found for the most part only west of the same river. 

C. pygmaeus was first observed in 1887 in the vicinity of Ithaca, 
N. Y., and in 1889 Prof. J. H. Comstock published ! an account of its 
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life history as worked out by himself. From this bulletin the follow- 
ing summary of its habits and appearance has been compiled. 

The adults, in the latitude of Ithaca, appear durmg the month of 
May and at once begin oviposition in the stems of wheat, just as the 
grain is jointing. In the majority of instances the eggs are placed 
above the third joint, and the larval gallery extends from the point 
of oviposition, or a little above, to the extreme base of the plant. By 
the time the wheat is ready to cut, early in July, a large majority of 
the larve have descended to a position below the level of the reaper 
cut and are safe from removal with the harvested straw. A week 
later nearly all the larve have girdled the stems within and part have 
already spun the silken lining of the hibernation chamber. 

Cephus pygmaeus is a well-known species in Europe and has been 
described by both English and Continental writers. In France it 
has been considered a very serious pest and is said to attack both 
wheat and rye. 

DESCRIPTION 

Adult shining black, banded and spotted with yellow. Length of male 8 mm., of 

female 10mm. Head large with prominent eyes; three ocellinear summit. Antenne 

inserted on front nearly opposite middle of compound eyes, and composed of 19 or 20 

segments. Wings transparent, iridescent, somewhat smoky, with costal margin yel- 

low toward base. Mouth-parts (except tips of mandibles), a spot on clypeus, a nar- 

row margin between compound eyes and mouth-parts, ventral aspect of thorax, legs 

(except a dark band on coxze and femora), membrane at base of abdomen, caudal 
margin of each abdominal segment ventrally, a more or less well-marked spot on each 

side of first and second abdominal segments, a broad band occupying caudal three- 

fourths of third and fifth segments, a narrow band on caudal margin of sixth segment 

often more or less interrupted forming spots on back and sides, and latero-caudal 

angles of seventh segment, yellow in male. 

In female, spots and bands usually smaller and sometimes entirely wanting ven- 

trally. 

Both this species and Cephus cincius vary greatly in their mark- 
ings. Mr.S. A. Rohwer, of the Bureau of Entomology, who has given 
much critical study to this genus and has examined a large series of 
individuals, mostly reared from known host plants, states in a recent 
publication: ? ‘The introduced, European, Cephus pygmaeus (Lin- 
naeus) is very similar to the native species common throughout the 
west and it is difficult to find characters which distinguish the two in 
all their forms.”’ 

1 Comstock, J. H. A saw-fly borerin wheat. In Bul. 11, Agr. Exp. Sta. Cornell Univ., Nov., 1889. 

2 Rohwer, S. A. The American species of the genus Cephus Latreille. In Proc. Ent.Soc. Wash., v.19, 

p. 139-141. 1917. f 
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OCCURRENCE OF THE DISEASE. 

A disease of wheat caused by the nematode J7ylenchus tritics 
(Steinbuch) Bastian has been known for many years in certain 
European countries, where it causes considerable damage. The dis- 
ease manifests itself most strikingly in the wheat heads. Here 
rather small dark-colored galls of the same general shape as wheat 
kernels are formed in place of normal grains. It is also known to 
affect other aerial parts of the wheat plant, but does not attack the 
roots. In thrashing, many of the nematode galls thrash out with the 
wheat. Examinations by the writer of numerous samples of wheat 
collected during the winter of 1917-18 by the Office of Grain Stand- 
ardization, of the Bureau of Markets, at mills and other places, re- 
vealed the presence of many of these galls and showed for the first 
time that the disease occurs to a serious extent in certain localities 
in the United States, particularly in Virginia. Subsequent observa- 
tions in the field have shown that the pest in some instances destroys 
more than 40 per cent of the growing wheat. It therefore seems de- 

151572°—20-—1 



2 BULLETIN 842, U. S. DEPARTMENT OF AGRICULTURE. 

sirable and timely to bring to general attention the data at hand, so 
that the disease may be more readily recognized, its further importa- 
tion and distribution prevented, and its control understood. 

HISTORY. 

Needham (24),1 in 1743, in making microscopic examinations of 
supposedly smutted grains of wheat, found that they contained nu- 
merous motionless, eelworm larve instead of spores. When placed 
in water these larvee soon began eellike movements; hence, there is 

this definite evidence of the occurrence of the disease in England at 
this early date. At that time Needham briefly recorded his observa- 
tions and again in 1745 (25) described the results of further investi- 
gations, but was unaware of their full significance until Roffredi in - 
1775 (80) and 1776 (31) published the result of accurate investiga- 
tions covering several years, which clearly showed for the first time 
the causal relation of the nematodes to the malady and shed con- 
siderable light on the life history of the parasite. In 1799, Steinbuch 
(34) dealt with a disease of wild grass caused by a nematode which 
he called Vibrio agrostidis and considered different from the wheat 
eelworm. He appears to have been the first investigator who pro- 
posed a name for the latter organism. He first refers to the parasite 
in these words, “ und welche V2b7%e tritici genannt werden konnte,” 
and subsequently uses the name Vibrio tritict many times and in such 
manner as to show conclusively that it is the wheat nematode of 
which he is speaking. Bauer (3), in 1823, after considerable study 
of and experimentation with the organism, also named it Vibrio 
tritict, apparently unaware of the fact that it had been previously 

thus designated by Steinbuch. Although Steinbuch was the first to 
apply the binomial, Bauer seems to have been the first to use the name 
systematically for the parasite. This doubtless accounts for the fact 
that many later investigators cite him (Bauer) as authority for the 
species. Dujardin (13), in 1845, transferred the species to the genus 
Rhabditis. Rhabditis is a genus described by Dujardin and contains 
mostly free-living forms which have little in common with Tylen- 
chus. Diesing (12), an eminent systematic helminthologist, in 1850 

also made a similar classification of the parasite. He placed it in the 
genus Anguillula described by Hemprich and Ehrenberg. This 
genus contains the vinegar eel and other free-living forms. Assum- 
ing that the parasite occurred on other grasses than wheat, he ac- 
cordingly called it Anguillula graminearum Diesing. In his classical 
monograph, Bastian (2) in 1864, correctly transferred the old spe- 
cies name as used by Steinbuch, i. e., ¢7z¢ic?, to the genus Tylenchus. 

* The numbers in parentheses refer to ‘* Literature cited” at the end of this bulletin. 
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The correct designation, therefore, becomes 7’ylenchus tritici (Stein- 

buch) Bastian. Two years later, in 1866, Schneider (32) gives the 
scientific name of the organism as Anguillula scandens. 

In view of the above brief résumé of the work of those investiga- 
tors who took some part in naming the parasite, its proper-synonymy 
chronologically recorded would seem to be as follows: 

Tylenchus tritici (Steinbuch) Bastian, 1864. 
Vibrio tritici Steinbuch, 1799. 
Vibrio tritict Bauer, 1823. 

Rhabditis tritici Dujardin, 1845. 

Anguillula graminearum Diesing, 1850. 

Tylenchus tritici Bastian, 1864. 

Anguillula scandens Schneider, 1866. 

Following Roffredi’s (31) publication of 1776, many papers on 
the disease appeared in European literature, some of which have been 
mentioned. They were for the most part discussions as to the cor- 
rectness of the observations of Roffredi, and contributed little to 
what was already known about the trouble until the monograph of 
Davaine (11) appeared in 1857. In it he gives practically all that is 
known. to-day about the etiology of the disease, lucidly describes and 
illustrates the different stages in the development of the parasite, and 
records the results of physiological researches on the nematode which 
furnish a basis for its control. His work largely silenced the dis- 
cussion that had prevailed in the literature as to the cause of the 
disease, some investigators having confused the trouble with stinking 
smut of wheat (7 illetia tritic?). 
Many papers appear in European literature after Davaine’s pub- 

lication, but in general they deal mainly with the occurrence and dis- 
tribution of the disease and add little to what had previously been 
recorded. Marcinowski’s (22) valuable contribution of 1909, how- 
ever, added considerably to our knowledge of the pathogenicity and 
physiology of the parasite. Since that time no publications of major 
importance relating to the disease have been found. 

In the United States the occurrence of the eelworm disease of 
wheat seems to have been first recognized by Johnson (19), who 
in 1909 recorded that it had been found in California by members 
of the staff of the Office of Cereal Investigations of the Bureau of 
Plant Industry, and had been authentically reported to him to 
occur in New York, Georgia, and West Virginia. There appear 
to have been no other records of the trouble in North America un- 
til Fromme (14) in 1917 published a short note stating that he 
had found it at one point in Virginia. Since that time the 
writer (7, 8) has reported its wide prevalence in Virginia and its 
limited occurrence in other States, has described the general nature 



4 BULLETIN 842, U. S. DEPARTMENT OF AGRICULTURE. 

of the disease, and has pointed out control measures. Later, Cole- 
man and Regan (10) contributed to our knowledge of the dis- 
ease so far as it affects the marketing and milling of wheat. <A simi- 
lar disease of several other grasses, thought to be due to a closely 
related or- identical species of nematode, was reported by Bessey 
(4) in 1905 and later by the writer, but recent investigations in- 
dicate that the organisms producing the malady in wheat and other 
grasses differ physiologically, if not morphologically. The writer’s 
acquaintance with the disease on wheat began in 1915, when minor 
inoculation experiments were conducted in the greenhouse with 
material received from China. Interest was renewed during the 
winter of 1917-18 as the result of finding, in cooperation with the 

Office of Grain Standardization, an abundance of material in the 

United States. Consequently, previous experiments in the green- 
house were repeated and extended, laboratory investigations carried 
out, and field observations made. These studies are being continued. 

DISTRIBUTION. 

The nematode disease of wheat is of almost world-wide distri- 
bution, having been reported from all continents except Africa. 
Sorouer (33), in 1913, stated that it had been found in France, Ger- 
many, Austria, Hungary, Switzerland, Italy, Sweden, Holland, Eng- 
land, and North America. Dr. N. A. Cobb? has found it many times 
in Australia and the writer (6) in 1917 reported its occurrence in 
China. Through the courtesy of Dr. C. E. Leighty, of the Office of 
Cereal Investigations, Bureau of Plant Industry, an examination of 
all samples of wheat imported by the United States Department of 
Agriculture for the past 25 years or more was made and, besides find- 
ing the disease in material obtained from some of the countries 
listed above, it was also found in importations originating in Russia, 
Turkestan, and India, from which places no reference to its occur- 
rence has been seen. Averna-Sacca (1) in 1912 stated that it occurs 
in Brazil. From the foregoing account it is evident that the disease 
can exist under very different climatic and soil conditions and that 
it is at present of extremely wide occurrence. 

Indications are that the disease has been introduced into this coun- 
try. That it may be endemic in Europe is suggested by the fact that 
it was not reported elsewhere for nearly a century after its dis- 

covery there. It seems likely that it was first introduced into this 
country with importations of seed wheat from England or continen- 
tal Europe. The exact native habitat of the disease, however, is an 
interesting and open question which may never be definitely an- 

*In conversation with the writer, Dr. Cobb stated that he had found the trouble on 

wheat in Australia in 1892. 
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swered. In this connection it is of interest to note that a careful 
examination by the writer of a considerable collection of native 

emmer, or so-called “wild wheat” (Zvriticum dicoccoides), from 
Palestine failed to reveal the disease. 

Within the United States the disease was first found in 1909 at 
Modesto, Calif., and Old Fields, W. Va. During the same year it was 
reported from New York and Georgia. Asa result of cordial coopera- 
tion by the Plant Disease Survey of the Bureau of Plant Industry 
and the Office of Grain Standardization of the United States Depart- 
ment of Agriculture and by pathologists and other agricultural 
agents of various States, the writer has recently examined specimens 

Iie. 1.—Outline map of the United States, showing the distribution of the wheat 

nematode. The dots represent the States where it was found during 1918, while 

the crosses indicate the localities in which the disease was reported in 1909. 

from Red Bluff, Calif., from two counties each in West Virginia and 
Maryland, from one county in Georgia, and from a large number of 
widely separated places in Virginia. Distribution of the trouble in 
this country is graphically shown in figure 1. Whether the malady 
occurs only on the east and west coasts and not in the great wheat- 
growing States of the Middle West is not now known. It may be 
possible that the trouble exists in the Central States to a limited ex- 

tent and has been merely overlooked or mistaken for stinking smut 
or other troubles, or it may not occur there as yet. -As the disease ap- 
parently is not endemic in the United States, nor especially wide- 
spread as yet, every effort should be made not only to prevent its fur- 

ther importation into and spread within this country, but it should 
be eradicated as far as possible from localities already infested. 
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ECONOMIC IMPORTANCE. 

Economically this wheat disease is of considerable importance in 
certain countries and of very minor significance in others. In cen- 

tral Europe, especially in Germany, where the trouble was found soon 
after its discovery in England, reports during the last decade indi- 
cate that the disease caused little damage. Earlier writings, how- 

ever, show that it was responsible for severe losses. Haberlandt 
(15) in 1887, for example, reported that of 3 samples of wheat 
collected from as many Provinces in eastern Germany, 20 contained 
considerable quantities of the diseased kernels. 

Doubtless improved methods of cultivation and sanitation and 
the general agricultural practices in combination with a knowledge 
of means of controlling the disease are responsible for its apparently 
minor economic status in central Europe in recent years. In Eng- 
land, where conditions seem to have been rather favorable for its 
development, the malady now appears to be well controlled, al- 
though, as in Continental Europe, writers during the eighteenth 
century report its serious prevalence at times. Judging from the 
examination of small lots of wheat shipped from Russia, Turke- 
stan, and India, it occurs in these countries to a considerable ex- 
tent. Reisner? in 1915, without knowing its cause, reported that 
the malady at that time was the cause of severe losses in certain parts 
of China. 

During the past year the disease has been found to be the cause of 
heavy losses at certain places in the United States. Lots of wheat 
sent in from or collected by the United States Department of Ag- 
riculture in Virginia contained, according to count, from a fraction 

of 1 per cent to more than 50 per cent of the nematode galis. These 
findings, together with the fact that many of the galls are lost be- 
fore and during thrashing and that there are many direct losses 
caused to the crop in the field by the disease not shown by the 
thrashed grain, suggest much more severe damage than that indi- 
cated by the percentage counts referred to above. During the sum- 
mer of 1918 the writer found several fields in one locality in Vir- 
ginia in which about half of the wheat heads were severely infected, 

and, in addition, many of the plants were killed. 

DESCRIPTION OF THE DISEASE. 

The nematode disease of wheat manifests itself only on the aerial 
parts of the host. It affects directly both the young and old leaves 
as well as the embryonic fruit, and may indirectly cause a bending 
or crooking of the stem. On seedlings mildly infected it usually 

1Dr. H. J. Reisner, of the University of Nanking, Nanking, China, in a letter trans- 

mitting specimens to the Office of Cereal Investigations, states that the disease causes 

great damage in some Chinese Provinces. 
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produces a wrinkling, twisting, and rolling of the younger leaf 
blades, as shown in Plate I, A and G. Small raised, rounded areas 
may appear on the upper surface of such leaves, which lose their 
normal green color, become yellow, wilt, and die. Very young leaves 
sometimes, however, show conspicuously none of these symptoms. 
Occasionally they contain light-colored swellings or galls, one or 
more of which may be located along the midrib, on the leaf edge, 
or between the two, and are misshapen by an unequal lateral de- 
velopment. A conspicuous gall on the edge of a leaf is shown in 
Plate I1, A and. #, and apical swellings near the midrib of a young 
leaf 16 days after artificial inoculation are depicted in Plate II, C. 
By tearing apart these leaf galls several weeks after they have been 
induced, the eelworms which cause them can be found in all stages 
of development. 
When seedlings become more severely attacked than already in- 

dicated, more pronounced evidence of abnormality appears. The 
young leaves become so strongly infected within the older leaf 
sheaths that instead of growing straight up normally they may be 
forced through the latter, carrying along with them the young stem. 
In this way stems sometimes are bent and induced to grow in an 
almost horizontal direction. The leaves become so wrinkled, twisted, 
and rolled as to lose all semblance of their natural shape. Their 
normal green color then disappears and finally, after wilting, the en- 
tire plant dies. Diseased leaves sometimes roll so tightly as to hold 
firmly the tip of the younger leaves. This results later in wrinkling 
and more or less telescoping of these leaves as they grow from below. 

Leaf and stem symptoms of the disease occur more commonly on 
the seedlings than on the older plants, which leads to the general 
belief that the former outgrow the trouble. Marcinowski (22), how- 
ever, does not agree with this, and after conducting an experiment 
in which 90 per cent of the infected seedlings died while still young, 
concluded that as a rule plants succumb before maturity when dis- 
eased at an early stage of growth. At any rate, leaf and stem symp- 
toms of the disease are less common, as well as less noticeable, on the 
older plants. Maturing plants may be decidedly dwarfed, however, 
somewhat yellow in color, and show a curling of the upper leaves, as 
may be seen in Plate I, C. 

Leaf rolling, however, which is of more frequent occurrence than 
the dwarfing and yellowing, is not always an indication of the nema- 
tode disease, since it may be caused by other factors. While leaf 
symptoms usually occur, they may be entirely absent, and yet, at the 
maturity of the plant, the head may be found to be severely infected. 

Most positive and clear evidence of the disease can be detected by 
a careful examination of the heads of the plant at maturity. Dis- 
eased spikes (Pl. IIT) are usually reduced in size, especially in 



8 BULLETIN 842, U. S. DEPARTMENT OF AGRICULTURE. 

length, remain green longer and therefore mature somewhat later 
than the normal ones, and the glumes protrude decidedly outward 
and give a somewhat thickened appearance to the shortened spike. 
Depending upon the severity of attack, some or practically all flower- 
ing glumes on infected heads contain, in the place of normal kernels, 
hard, light-brown to dark-colored galls which are filled with nema- 
todes. ‘These galls, though usually slightly furrowed on one side, 
somewhat as are wheat kernels, are shorter and not uncommonly 
thicker. This thickness of the galls often results in the spreading 
of the inclosing glumes so as to expose the galls to almost full view. 
As a consequence of this, wheat heads thus infected may be readily 
detecte:l in the field. When young, the galls are hght to dark green 
in color. They gradually become dark brown later, as the normal 
wheat heads ripen. Because of a general similarity, they were in 
France first confused with and mistaken for “ smutted” wheat and 
called “ blé niellé,” but only a simple test is necessary to distinguish 
the two. A smutted grain is easily crushed by a little pressure and 
becomes a mass of smutty powder, the black spores, whereas the 
galls are hard and firm and break with difficulty. In Germany the 
galls were first associated with the seed of cockle (Agrostemma 
githago), a weed found commonly growing in wheat. This resulted 
in the disease being designated there as “ Radekrankheit.” Only a 
cursory examination, however, is necessary to distinguish the smooth 
nematode galls from the black cockle seeds, which are covered with 
rows of short spines. In England the trouble is perhaps most 
commonly called “ purples,’ on account of the color of the galls. 
Farmers and milimen in sections of this country where the disease 
occurs call wheat containing these galls various names, such as 
smutted, bunted, cockle, bin-burnt, and immature wheat. There 
have been instances, some of them recorded, where pathological in- 
vestigators in this as well as other countries, without making micro- 
scopic examinations, wrongly identified the galls as stinking smut of 
wheat (ZV%lletia tritici or T. levis). Some of the differences in size, 
shape, color, and general appearance between the nematode galls 
and the material for which they have been mistaken are shown in 
Plate IV. 

DIFFERENCES BETWEEN THIS DISEASE AND TULIP-ROOT. 

It seems desirable to point out differences between the malady 
discussed in this paper and the so-called stem disease, or “ tulip- 
root,” of wheat and other cereals, which, while occurring in 
Kuropean countries, has not been reported on wheat in America. 
The two troubles have been confused both popularly and _ scien- 
tifically, doubtless owing to their occurrence together at times and 
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LEAVES OF WHEAT PLANTS AFFECTED BY TYLENCHUS TRITICI. 

A, Month-old seedling from the greenhouse, inoculated by placing a few drops of water 
containing larvee on the seed when planted. Note the abnormal wrinkling of the central 
leaf. B, Leaf from an infected greenhouse seedling, showing the characteristic wrinkling, 
rolling, and twisting caused by the nematodes. C, Part of an almost mature field- grown 
plant the head of which contained many nematode galls. The upper leaf often is found 
tightly rolled on such plants, 



Bul. 842, U. S. Dept. of Agriculture. PLATE II. 

WHEAT SEEDLING AND LEAF INFECTED BY NEMATODES. 

A, A five-weeks’-old wheat seedling from a greenhouse, artificially infected with Tylenchus tritici 
and decidedly dwarfed asa result. Observe that the twisted central leaf is held in the next 
older leaf sheathed by a nematode gall on its edge and that the small upper leaf on the right 
is distorted, wrinkled, and twisted. Photographed May 31,1918. Natural size. B, Part of 
the plant pictured in A, enlarged to show the location, shape, and size of the nematode gall 
on the central leaf and contiguous portions of the infected leaf. x 2. C, Leaf blade of a wheat 
seedling, showing the one-sided apical development and small nematode galls as a result of 
artificial inoculation in the greenhouse. Photographed in October, 1917. X 2. 



‘PLATE III. 

AHOEN & CO-BALTIMORE 

WHEAT SPIKES, INFECTED AND HEALTHY. 

A normal head of Leap Prolific wheat between two nematode-infected heads of the same variety. Material collected just before harvest at Remington, Va., June 17, 1918, and painted natural size. 





Bul. 842, U. S. Dept. of Agriculture. PLATE IV. 

NORMAL KERNELS OF WHEAT WITH NEMATODE GALLS AND OBJECTS 
FOR WHICH THE LATTER HAVE BEEN MISTAKEN. 

Fic. 1 (above).—A, Normal kernels of wheat; B, dark, smooth nematode galls; C, 
black papillate seeds of cockle; D, smutted wheat grains (smut balls); and £, 
bin-burnt kernels. Compare the sound wheat with the nematode galls and note 
the pronounced difference between the latter and thecockle seed, smutted grains, 
and the bin-burnt kernels for which the nematode galls are often mistaken. 
Twice natural size. Fic. 2 (below).—A, Unstained, thick cross section of a 
normal wheat kernel; B, cross section of a flower gall filled with a white mass of 
nematodes, for comparison as to shape, size, and content. x 6. 





Bul. 842, U. S. Dept. of Agriculture. PLATE V. 

LARVA OF TYLENCHUS TRITICI. 

A, Photomicrograph of the root of a wheat seedling growing in a tube of plant-nutrient agar 
and showing active eellike larvee accumulating about the root tip. The writer was unable 
to produce infection through the root, however. XX 45. B, Masses of milk-white thread- 
like larve photographed while actively moving about in afew drops of water after having 
escaped from the portion of a cut-open flower gall shown near the center of the photograph. 
xX 6. 



Bul, 842, U. S. Dept. of Agriculture. PLATE VI. 

LARV4 OF TYLENCHUS TRITICI. 

A, Photomicrograph of an unstained cross section, 15 » in thickness, of a nematode flower 
gall, showing larve in the center unattached to the inclosing host walls. x 37. B, 
Photomicrograph of active larve from a flower gall moving in a drop of water. Note 
oe transparent anterior ends and their tapering, slightly pointed posterior ends. 
X 30. 
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because they are both caused by related species of nematodes. 
Tulip-root is induced by another parasitic eelworm, the so-called 
stem and bulb infesting nematode, 7ylenchus dipsact (Kiihn) Bas- 
tian. This the writer has found in this country on hyacinths, 
strawberries, clover, and other plants, but not on wheat. Ritzema 
Bos (29), however, noted the disease on wheat, but described it 
more in detail as it appears on oats. He notes that on wheat it 
produces a swelling near the base of the plants, resulting in what 
he calls a tulip-root appearance. He also states that definite dis- 
colored areas result on the stems and leaves. The flowering parts, 
however, usually are not attacked. As these two closely related 
wheat diseases differ so strikingly in the way they affect the plant, 
especially as the so-called “tulip-root” disease does not produce 
flower galls and the other does, the two diseases are readily dis- 
tinguishable. 

ORIGIN AND DESCRIPTION OF THE GALLS. 

The nematode galls may be short and thick or long and slender, 
and in a dried condition they are nearly always smaller than the 
wheat kernels. Dwarfed simple galls little more than the size of a 
pinhead are sometimes found, while those nearly as large as wheat 
grains are met with frequently. Their size is mainly dependent 
upon the number of larve which enter them, as well as upon the 
time when and place where the latter penetrate the tissues. 

Investigators differ as to the origin and nature of the tissue con- 
stituting the flower gall. Davaine (11) thought that the larve might 
enter any portion of the flower and that, therefore, the composition 
of the resulting gall merely depended upon what tissues were in- 
‘vaded. Haberlandt (15) considered the galls to be largely, if not 
entirely, of ovarian origin, while Prillieux (28) believed them 
to be derived only from staminate tissue. Marcinowski (22), 
after careful and constant macroscopic observations throughout 
the development of the galls, concluded that they may arise (a) 
from the undifferentiated flower bud, (6) at a later stage from 
staminate tissues which are first differentiated, (¢) from carpellate 
tissues which are formed last, and (d) from tissue lying between the 
stamens or between the carpels and stamens. Based on an examina- 

tion of matured galls as they occur in the wheat spikes, the writer’s 
observations and interpretations agree in the main with those of 
Marcinowski (22). 

Galls within the same flower may be simple; that is, may contain 

only a single cavity filled with the organism, as shown in Plate V, 
&, and in Plate VI, A, or they may be complex. The latter 

are composed of two or three of the single galls whose walls 

151572°—20——2 



10 BULLETIN 842, U. S. DEPARTMENT OF AGRICULTURE. 

have grown together and usually show separate interior cavities, as 
well as deep external furrows, along the lines where the separate 
units have coalesced. The simple galls are by far the more common 

and usually occur singly in each flower, although as many as three 
separate galls have been found in a single flower. Sometimes a 
young gall may be seen developing in place of one stamen, while the 
other two stamens and the pistil still appear almost normal. It is 
rather rare, however, for a normal kernel and one or more galls to 
develop within the same flower. A young gall is not uncommonly 
found in place of each of the three stamens, and later these may 
produce a single trilobed compound gall. In such cases ovarial de- 
velopments are absent. More commonly, however, a single gall is 
initiated either in the ovary or the young staminate tissues, and it 
then usually causes atrophy or nondevelopment in the other repro- 

ductive parts of the flower. 
Only the reproductive organs or adjacent tissues of the flowers 

have been found affected, but every flower on a spike may be in- 
vaded. It is not uncommon, therefore, to find every flower of a 
mature spike containing nothing but galls. Heads of wheat well in- 
fected with larve are often reduced in size, have their glumes stick- 
ing out at a greater angle from the rachilla than normal ones, and 
mature somewhat later than the uninfected spikes. Because of their 

thickness, the dark maturing galls are often not entirely covered by 
the glumes, so that they become exposed and thus serve as a con- 

spicuous symptom whereby infected spikes may be readily distin- 
guished in the field (PI. IIT). 

CAUSE OF THE DISEASE. 

The cause of the nematode disease discussed in this paper may, 
be readily seen with the unaided eye when the contents of a gall 
are placed in clear water. With the aid of a hand lens, the milky 
white fibrous mass thus liberated, as shown in Plate V, B, can be 
readily observed to consist of thousands of straight or curved 
threadlike elements, the larvee of the nematode Z'ylenchus tritici 
(Steinbuch) Bastian. If watched carefully they will be seen soon to 
begin active eellike movements. Occasionally among a white mass 
of larve from a mature gall one may see with the naked eye the 
brown misshapen remains of adult males and females, and with the 
assistance of a microscope find a few eggs, the stage from which 
the larve developed. In young galls, living adults of both sexes 
and an abundance of eggs and larve may be found. 

EGGS. 

When viewed from the end the eggs seem to be almost perfectly 
circular in cross section. In lateral view, which is that most com- 

monly seen (fig. 2), they are elongate, granulated bodies, usually 
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symmetrical in shape. They are usually about twice as long as 

broad, although individual eggs vary considerably in size even 

hin the same gall. This, however, is not surprising when it is 

considered that pee eggs in a gall may be laid by a number of 

different females. In three lots of eggs obtained from mature galls 

collected at widely separated points the writer ae a variation in 

length from 73 to 140 pv. and in width from 33 to 63 An average 

of all measurements made from material idem in the Unitad 
States was 38.7 by 85.1», while an equal number of observations taken 

on eggs from a single lot of galls collected in China gave slightly 

lower averages, namely, 37.4 by 71 u. These figures agree very well 

with those obtained by Bauer (3) in Europe, the 

dimensions given by him being 28 to 31 by 83 y. 

(1/800 to 1/900 by 1/300 of an inch). Although 

the different figures agree in general, there is yet 
perhaps enough difference to warrant the sugges- 
tion that definite strains of the nematode may 
possibly. occur. This suggestion finds further Fic. 2—Lateral view 

5 5 of an old egg, meas- 
support in data later presented which show what aring) Opby*40\i 

appear to be consistent differences in the dimen- renal are 
sions of larve collected from various parts of the 
world. Supporting evidence of possible strains of the organism is 
also found in certain physiological variations. 

The eggs contain dense rounded granules, are semitransparent, and 
possess a single central hght spot, the nucleus. They are covered by 

a tough, transparent, ple coat or skin, probably chitinlike in 

nature, but, unlike the eggs of another endoparasitic nematode, 
Heterodera radicicola (Greef.) Miiller, they can not withstand 
highly unfavorable conditions. This may be due to their not being 
oviposited in a gelatinous protective secretion, as is the case with 
the latter, and to their very rapid development. Just how long it 

takes an egg to develop from the 1-celled state to an active larva 
is not known. Segmentation, however, is rapid, probably requiring 
not more than a few days at most, and it ordinarily takes place 
after oviposition. Within a short time after the egg is deposited it 
develops into an active larva which pierces the egg coat with its 
anterior end, escapes, and leaves behind an empty transparent shell. 

LARVA. 

Freshly hatched larvee are transparent, threadlike animals usually 
a little more than one-half millimeter in length. Such of their 
organization as can be observed at low magnification is shown in 
figure 3. In this first stage, which is of short duration, the larvee 
are very delicate, frail, and weak, and ill adapted to withstand un- 
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favorable environmental conditions. They develop quickly 

into the so-called second larval stage, presumably by going 

through one or more molts. E 

It is in this second stage that the larve are found as they 
occur in mature flower galls of wheat, a cross section of one 
of which is shown in Plate VI, A. These larvee, Plate V, 2B, 
are slender, cylindrical to spindle shaped animals, slightly 
blunt at the anterior end, but tapering to a fine point at ¢ 
the posterior end. An outline drawing of a single specimen y 
which measured 884 yin length is shown at a magnification 
of 190 diameters in figure 4. In their greatest width the Ei 
larvee are from 15 to 20 y, or about one forty-fifth of the 
average length, which is from 850 to 890 p. Based on the 
measurement of 184 individuals taken from 16 lots of galls 
collected at as many different localities, the writer found 
an average length of 869 yp, the extremes being 770 » and F 

966 p. These figures are somewhat smaller than those 
A suggested by Marcinowski (22), who gives 

the uncertain average larval length of about 
1 mm. Dimensions of larve from Euro- 
pean as well as American material are 
somewhat larger than those observed by 
the writer with similar material from China. 
The average of all measurements of larvee 
from a single lot of galls from one point in 
China was found to be 793 p, with a maxi- 
mum range in length from 658 to 910 wu. 

The dimensions of these larvee from China 
are thus seen to average slightly smaller é 
than those examined from other sources. 
This is similar to the condition pointed out 
for the eggs from the same material, namely, 
that they, too, average somewhat smaller. F 
The above indicates that possibly there may 
exist morphologically different strains or 
varieties of the organism in different geo- 

# graphical regions. H 
As is the case with most nematodes 

y parasitic on plants, the structure of the i 
Pig. 3. Fig. 4. 

Fig. 3.—Young larva, 500 uw in length, which has just emerged from the eggshell. Camera- 

lucida drawing of lateral view. % 190. For an explanation of the letters A to I, see 
figure 4. 

Fie. 4.—Old larva, 884 win length. Camera-lucida drawing of lateral view. x 190. A, 
Hollow probing spear, through which food is sucked; B, muscular esophageal bulb fune- 
tioning as a pump in sucking food through the spear; C, esophageal canal; D, posterior 

esophageal bulb; H#, digestive system; F', nuclei of cells comprising the intestine; G, 
reproductive system at an early stage; H, anal opening; J, tail, 
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larvee of the wheat nematode is comparatively simple. In general, 
earch larva consists. of an outer tube or body covering, within 
which is a second smaller tube, the digestive tract. The space 
between the walls of these two tubes is known as the body cavity. 
Anteriorly, the digestive system opens at the end of the animal, 
while posteriorly it opens at the anus, or vent, about 50 uw from 
the point of the tail (fig. 4). A buccal spear (9 to 11 p long) 
pointed at the forward end and trilobed at the other, is located at 
the anterior end of the digestive system (fig. 4, 4). By means of this 
hollow spear, which can be exserted and retracted by strong muscles, 
the larva is able to pierce its egg membranes, to force its way into 
plant tissues, and by means of the fine canal which extends through 
the spear to absorb plant juices or other liquid foods. Connected to 
the base of the spear is the rather slender esophagus, which is about 
one-quarter the entire body length. About midway of the esoph- 
agus is an almost spherical muscular-walled enlargement known 
as the esophageal bulb (fig. 4, 8). Near the center of this is a small 
valve capable of expansion and contraction by the muscular wall 
of the bulb. By means of a pumplike action of the bulb, liquids 
are sucked through the spear and esophagus and forced into the 
intestine. Just back of the esophageal bulb, the esophagus is slender 
and practically cylindrical, but toward its posterior end it enlarges 
gradually into another bulb known as the posterior esophageal bulb 

(fig. 4, D). A large light-refractive cell, which functions as a 
salivary gland, is located near the base of this swelling. This pos- 
terior esophageal bulb joins with the much larger tubular intestine, 
which almost completely fills the posterior three-fourths of the tube 
of the body wall (fig. 4, #). The diameter of the intestine corre- 
sponds directly with that of the larva except at its posterior end, 
where the intestine is contracted into a fine channel, the rectum, 

which terminates at the anal opening. The intestine contains trans- 
lucent, granular matter, presumably reserve food, in the form of 
fatty globules and other materials. The body cavity of the animal 
not occupied by the digestive system is for the most part practi- 
cally transparent. Usually a row of refractive nuclei of cells com- 
posing the intestinal wall can be plainly seen, and this, together 
with the half-moon shaped light zone located about midway between 
the ends of the intestine, distinguishes the larva of this nematode 
from those of any other species occurring on wheat. No known 
sexual differentiation occurs in larve of the stage just described, 
although the primordial reproductive organs, consisting of a few 
hyaline cells located in the half-moon shaped light zone, already 
mentioned, are always visible. Within the galls, as they mature 
and dry out, the larve, all of which appear to have reached about 
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the same degree of development, become externally desiccated, mo- 
tionless, and partly coiled. In this condition they are capable of 
remaining dormant for many years. The writer has recently reac- 
tivated in water such larve from galls which had been imported 
along with wheat from Turkestan in 1910. According to Needham 
(26), a ““M. Baher” in 1771 secured vital movement in specimens 

which the former had sent him 27 years previously, in 1744. During 
this period the larve had been kept in protective galls in the labora- 
tory. When mature galls previously soaked in water are opened, 
the larvee upon being freed immediately straighten out with a 
mechanical movement and later, sometimes within a half hour or 

occasionally only after a day or more, begin their sluggish eellike 
vital motions. The two types of movements, though distinctly dif- 
ferent and due to different causes, have nevertheless been confused 

even by trained observers. Dead larvee may show the former—that 
is, the mechanical straightening—in a manner very similar to live 
ones, but only living larvee show the vital, eellike movements. Very 
probably, however, ““M. Baher” in observing the 27-year-old ma- 
terial referred to above saw both the mechanical and vital move- 
ments. 

Moistened or submerged in water the larve move actively (PI. V, 
B), but not in the rapid manner so typical of free-living forms. 
After being held in distilled water at room temperature for more 
than two months, the writer has observed them still sluggishly mov- 
ing. During this time the only change noticeable was in transpar- 
ency, caused undoubtedly by the utilization of reserve food. The | 
translucency increased with the length of time of immersion until 
finally, at the last observation, they were almost transparent. Liber- 
ated in soil under natural conditions, they are capable of living in a 
free state much longer. Marcinowski (22) concluded from care- 
fully conducted experiments that they could probably live thus in 
an active condition for seven months or more. In the application 
of control measures for the wheat nematode, as for the root-knot 

nematode (Heterodera radicicola), use can be made of the fact that 
these active larve will starve to death in a comparatively short 
period. 

Although capable of living free in the soil or elsewhere for several 
months, the larve undergo no development until the host plant is 
penetrated. By their own eellike locomotion they travel through the 
soil in search of wheat seedlings, and numerous larve finally become 
located between and within the leaf sheaths near the apical growing 
points of the culms. They may use the roots as a means of elevating 
themselves to other parts of the host, but, contrary to what Rof- 
fredi (30) and other investigators thought, do not normally penetrate 
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them. The writer was unable to produce root infection by placing 
large numbers of active larvee on the surface of sterile tubes of a 
plant nutrient agar containing wheat seedlings. In such cultures 
the organisms were observed to move about freely through the trans- 
parent medium and to accumulate about the seedling roots, mostly 
near the root tips, as shown in Plate V, A, but no penetration was ob- 
served. There was not, however, the marked accumulation about the 
root tips which the writer (5) has previously observed when pure cul- 
tures of the root-knot nematode (Heterodera radicicola) were inocu- 
lated in similar tubes containing tomato plants. In the latter case 
there seemed to be some sort of stimulus, possibly chemotactic, attract- 
ing the larve to the growing point of the root, which many of them 
entered. Many examinations of wheat seedlings growing in the 
greenhouse in soil well infested with larve of Tylenchus tritici 
showed no root infection. 

After having reached the aerial portions of their young host plants 
some of the wheat nematode larvee may enter the leaves, but most of 
them locate in large numbers at the base of and between the leaf 
sheaths near the terminal growing bud. Here they remain in an 
ectoparasitic condition, ready to attack the wheat heads as they 
develop. Thus, contrary to what is commonly thought, the organism 
of itself travels only a short distance, possibly less than an inch 
sometimes, in reaching the wheat spikes. The exact manner by 
which larvee enter the leaf or flower tissues has never been observed. 
As there appear to be no natural openings, such as stomata, large 

enough to permit their entrance, it must be assumed that they get 
into the inner tissues either by artificial openings or, as is much more 
likely, by a piercing of the cells with their spearltke anterior ends. 
At the same time they may possibly secrete some substance to assist 
in breaking down the cell walls. Only the young, actively growing 
tissues and cells are invaded. 

Wherever larvee penetrate the leaves, an increase in the size and 
number of host cells takes place, resulting in a local gall. One or 
more of these galls may be formed on a single leaf, and they may be 
located on any portion of the latter, depending upon the place and 
time of larval penetration. The larvee usually enter only the young 
leaves which are entirely inclosed within the older leaf shéaths. 
Their entrance somewhat retards and prevents normal development, 
causing the leaves to grow unevenly and to become wrinkled, rolled, 
and distorted. These symptoms are illustrated in Plate II, A and B, 
which in addition shows a small gall on the edge of the youngest leaf. _ 
This gall, which is typical, is about 4 mm. long, 3 mm. wide by 
2 mm. thick, and has lost its normal green color, being almost white. 
Upon teasing it apart 25 of the nematodes were fouid in various 
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stages of development, including sexually mature females almost 
ready to lay eggs. This, however, is an unusually large number to 
find in a leaf gall. 

Ordinarily a wrinkling and rolling of leaves on infected seedlings 
is not accompanied by the production of leaf galls, and one may 
search in vain to find larve within these wrinkled leaves. In just 
what manner the parasite induces this wrinkling without remaining 
in the leaf is not known. It may possibly be the result of the ex- 
traction of food substances in the form of plant juices from the 
leaves by the larvee when the leaves are young and inclosed in the 
outer leaf sheaths. 

While the leaves are sometimes invaded, it usually is the embryonic 
flowers into which the larve penetrate and produce the most con- 
spicuous signs of the disease. Either before or just after differen- 
tiation of the terminal flower buds larvee pierce the outer layers of 
cells, reaching the inner tissues in numbers usually larger than 2 
and seldom more than 25. There they stimulate cell growth and 
gall production. Within each gall a cavity is formed, and in this 
the larvee develop into sexually mature individuals, males and fe- 
males, in about equal numbers. These then copulate, and before the 
galls are mature the females lay thousands of eggs. The latter then 
hatch, and the new larve go into dormancy as the galls mature. 

ADULTS. 

As soon as the larve have entered the host tissues they rapidly 
develop within the cavity of the growing gall into sexually mature 
females and males which, as shown at equal magnification in figures 
5 and 6, are markedly different morphologically. They are of suffi- 
cient size to be plainly visible to the naked eye. 

FEMALES. 

Mature females vary considerably in length. The writer has 
found them in young green flower galls only 3.42 millimeters long, 
while Marcinowski’s greatest measurement of length is 5.28 muilli- 
meters. Doubtless even wider variations than these occur. The 
average leneth seems to be about 4 millimeters. Their greatest 
width, though larger in proportion to their length than that of the 
larvee, is also subject to great variations within the same individual. 
Young females may not measure more than 168 p, while old females 
when well filled with eggs are much wider. 

In general, the sexually differentiated females still remain spindle 

shaped, tapering gradually from the middle toward each end, but 
being somewhat thicker and fuller anteriorly (fig. 5). The head 
end terminates bluntly, while the tail end is distinctly pointed. Mor- 
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phologically, the esophageal portion of the digestive system of the 
adult is not greatly different from that of the larva except as to 
size. 
there are marked differences both in the 
intestine and the reproductive system of 
the adult as compared with those of the 
larva. In the young female the intestine, 
occuping a large part of the entire body 
cavity, becomes proportionately small as 
the reproductive system increases, so that 
in old individuals most of the body space 
is taken up by the egg-producing organ. 
The intestine is finally pressed closely 
against the body wall throughout its ante- 
rior half, while in the posterior portion it 

Fic. 5.—Lateral view of young female 1.95 

mm. in length. Camera-lucida drawing. 
x 95. For an explanation of the letters 
A to J, see figure 6. 

Behind the posterior swelling of the esophagus, however, 

Fic. 6.—Ventral view of young 

male 1.86 mm, in length. 
Camera-lucida drawing mag- 

nifed X 95. A, Spear; B, 

anterior esophageal bulb; &€, 

esophageal canal; D, poste- 

rior esophageal bulb; H, d& 

gestive system; #, reproduc 

tive system; G, spicula in 

male and yulva in females 

H, anus; J, bursa of males 

J, tail, 

gradually lessens in diameter and barely touches the wall. It 
contains at first granular bodies as well as liquids, and the entire 
contents appear yellowish brown in color. In old females, however, 

ii20-- 20-3 
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the intestine is almost colorless, transparent, and void of a large 
part of its granular food material. 

The reproductive system, composed of two branches, opens at the 

vulva, which is situated about one-eighth to one twenty-seventh of. 
the body length forward from the tail end. The fertile branch - 
which extends in frent of the vulva is at first glandular and saclike 
for a short distance. It then becomes smaller and continues as a 
fine tube of uniform diameter to near the middle of the organism. 
This tubelike portion, the uterus, is usually filled with many fertil- 
ized eggs in various stages of development, and in old females may 
contain hatched larve. The uterus expands into a vesicular-shaped 
portion, presumably the receptaculum seminis, where fertilization 
takes place, and the latter opens into the large end of the ovary, 
which contains mature ova. Usually the ovary folds twice, once near 
the anterior end of the intestine and again just forward of the mid- 
dle of the animal, and terminates in a small blind end filled with 
rudimentary eggs. Back of the vulva there is a short, bag-shaped, 
glandular, sterile branch of the genital organs, the function of which 
is not understood. 

As females mature they become tightly coiled and motionless, 
except for a slight motion of the head. Although still capable of 
being bent, they will, if straightened out and released, quickly recoil 
into a shape somewhat similar to that of a watch spring. 
Egg laying begins soon after the galis are formed and continues 

for several weeks, during which time a single female may lay more 
than 2,000 eggs. As an-average of about six or seven femaies are 
developed in each flower gall, the latter usually contains about 15,000 
eges or an equal number of larvee into which the eggs soon develop. 
By actual count the writer has found 11,573 and 18,051 larvee in 
what were selected as two medium-sized galls, while Dr, N. A. Cobb 
informs him that he has found as many as 90,000 in a very large gall. 
Like larve of the first stage, adult females as well as males are 
incapable of withstanding unfavorable conditions of temperature 
and moisture. 

MALES. 

As may be seen from figure 6, the adult male differs conspicu- 
ously from the female. It is much shorter, measuring from about 
2 to 2.5 millimeters in length, or approximately one-half that of 
the female, and is more slender, its maximum width being from 
one-twentieth to one-thirtieth of the length. The anterior end is 
broader and not as rounded as in the female, and slightly in front 
of the pointed tail end it possesses a curved transparent wing, the 
bursa, with which females may be held. Near the center of this 
bursa is located the opening of both the intestine and the reproduc- 
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tive organs. The latter extends as a tube of about uniform diam- 

eter nearly up to the esophagus, folds back for a short distance, and 
terminates in a closed end. This tube is usually well filled with 

developing or mature spermatozoa, which with the aid of a copulat- 

ing organ, the spicula, located near the sexual opening, may be 
ejected during coition. Unlike the intestine of the female and 
similar to that of the larvee, the intestine of the male extends, largely 
undisturbed by the reproductive system, from the base of the eso- 
phagus nearly to the anus as a tube of uniform diameter. 

The male is capable of movement during practically its entire life, 
retains its larval shape, and probably copulates only once. Slug- 
gishly moving males are often found in galls which contain only 
the shapeless disorganized remains of females. As has been stated, 
males and females occur in about equal numbers. 

EFFECT OF HIGH TEMPERATURES ON THE LARVA. 

LARV INSIDE OF THE GALLS. 

In order to determine the maximum thermal death point of the 
larvee, the writer has treated a large number of galls with hot water 
at various temperatures. The results of these tests are presented 
in Tables I and If. Galls soaked several hours or days in unheated 
tap water were used in obtaining the data given in Table I, while 
in Table II the data were obtained from treating the dry mate- 
rial. In all cases the same method was used in applying the hot- 
water tests. It consisted in submerging lots of two to six galls for 
the desired length of time in a large volume of water, the tem- 
perature of which did not vary during the course of the experiment 
more than 1 degree above or below that required, and usually varied 
less than half a degree in either direction. Following the treat- 
ment, each gall was placed in distilled water in a Syracuse watch 
glass, then carefully opened with sterilized instruments, and the 
larval contents microscopically examined repeatedly for several days 
afterward. In the first few experiments larvee were discarded after 
having been under observation for one day subsequent to treatment, 
but it was soon discovered that some of the organisms showed signs 
of life at a later date, so in all succeeding experiments the larvee 
were observed over a period of two to nine days. A total lack of 
movement of the larvee in combination with the coagulation of their 
internal granular contents was taken as the criterion of death. The 
largest number of larvee found to be living while they were under 
observation was roughly estimated in the percentage of the average 
number of individuals (about 1,500) contained in each gall. All the 

_ hematode galls used in these tests were from the same source, namely, 
a collection made on a farm near Union Mills, Va. 
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WATER-SOAKED GALLS. . 

A glance at the results presented in Table J, obtained from treat- 
ing galls previously soaked, shows that the larve are only slightly 
affected by an immersion of as much as 15 minutes in water at 46°, 
48°, and 50° C., respectively. They are completely killed, however, 
when exposed for 30 minutes or more in water heated to 50° C.  Al- 
most identical results secured by the writer after subjecting another 
parasitic nematode, Meterodera radicicola, to the same treatments 
suggest that other plant-attacking nematodes may respond similarly. 

TastE L.—ZHffect of hot-water treatment on larve of the wheat nematode in- 
closed in wet galls. 

Hot-water treatment. Larve active (per cent). 

Number 

of galls, Extent of In each x gall at last = 
a heen Use a: examination. Average— 

ot. Eee Temper- ‘ion after 
verag | arma | Date, | ature Duration “eatment 

than 1,500, 1918. | (°C.), |" MreNon| (days). | Tree 
larve. | | a |2/|37| 4 15. | 6 leach, peace 

| | | lot, |treat- 

i | ment 
| 

| 

Minutes. | | | | 
6.| Mar. 18 46 5 | 2/90} 50} 90} 80 | 95 | 80 | 80.83 | 80.83 
5 Oe 46 10 2{75110| 1| 75] 75 \....| 47.2 | 47.20 
Gylnetdos aes 46 15 2/90] 2] 10] 90 | 60 |100 | 58.66 | 58.66 
Gi doe 48 5 2| 90 | 90 | 90 | 85 | 60} 80 | 82.5 | 82.50 
6 |...do 48 10 2| 90} 90 | 90] 90 | 50 | 85] 82.5 | 82.50 
6 |---do-.2.- 48 15 2| 85185 | 75 | 50] 70 | 75 | 73.33 | 73.33 
6) |_e:down- 50 5 3 | 75] 65 | 40 | 85 | 85 | 75 | 70.83 | 70.88 
6°|.2.do:...- 50 10 4/10} 2) 4] 70] 75 | 30 | 81.83 | 31.83 
6 | Mar. 22 50 15 3| 90! 85 | 90| 85 | 95 | 10) 75.83 | 75. 83 
6 |...do..... 50 20 3190] 70] 95] 85 | 95) 45 | 80 40. 00 
6 | Mar. 13 50 20 3.) 0:08): 20212 0:12 07); 2051, 20 = sean 

“ 6 | Mar. 22 50 25 3 | 85 | 75 | 80 | 65 | 90 | 30 | 70.88 |°70.83 
5 | Mar. 25 50 30 45104100] O11 20) 01) 104/280 0 
ite edo. sane 50 35 41-0] :0') O} 0} 0] 901.-0 0 
2 |---20 Lee 50 40 olde Osea Og eee kee eee [eae oO 0 
Bp mead sceee 50 45 4el 0) |. 200/304) <08l neon! 0 oer 
6| Mar. 18 52 5 4| 45 | 30 | 40 | 50} 30 | 60 | 44.16 | 44.16 
ig Bea: ee 52 19 7} 0} 40/35] 1] 1] 60 | 22.83 hyo 4 
6 | Mar. 22 52 10 4}, 0 |0-|°.26).80:|5 50!) <0 [18537 \fecs 
a=. dos soc 52 1h 4} 0] 9} .13].5] .26! 85 | 14.3 
A Mar 25 52 15 B10 | 0 | .26)<0-| 092-2] S820 |lea te 
6 | Apr 6 52 15 O40" H faeces 
5 nee 16 52 15 8 0! 0| 0 0 0 | 0 0 
6 | Mar. 22 52 20 4-/°-0-| 0417=07|*-0-|..0 | 02] 20 
5 | Mar. 25 52 20 4.] 0.) 0 | 07} 0;|> Oui =| 280 
6| Apr. 6 52 20 6). 010} 0-0-4 01-0 com cl fee 
5 | Apr. 16 52 20 6 1220'1) 30°} Oc (OF SOyeze alee 
3 | Mar. 25 52 25 AZO} 032-0715: cole eel as 
5| Apr. 6 52 25 610} 0). 0} 0) of-c0s\.0 Yo 
6 | Mar. 13 54 10 31-01-02] 0) 01. O0ehe0 
5 | Mar. 25 54 10 5.| 70u= Ov 03] 0) |. 249 }eosa es 02 
6| Apr. 6 54 | 10 6/5205) ".0") 00/220, IOs eeOalen0 : 
5 Apr 16 54 10 8 0:3! 0s} 20212303] 205|=sanlen0 

Mar 3 54 5 0 0 0 0 Cc! O 0 

5 | Mar. 25 54 15 94-071 <0") Ox] 20.1822) eee cliee 04 Be 
6| Apr. 6 4 15 6/010} 20-04 01205180 us 

ree re 54 15 6° -0.|:-0-+ 0 |--0°) 05/55. s/5-0 
Apr 54 20 65] =0=| 0°). 07). 703] O10 | 0s sees 

5 | Apr. 16 54 20 620M. 07) Os} 10 eo Or aes alee 0 
5| Apr. 4 56 5 B50.) - 04) 0. |=02l--0" | =see|a20 0 
5 -40...-. £6 10 8 Q| <0] .0 },0)--0)|232.| 20 0 
Balveadose sts 5 5 0} d0:l0")290: 110. 12522 )580 0 
6 | Mar. 13 58 5 B20 |, 205|=0+} 041-20: Oalex0 0 
6 |.-2d0-.=: 58 10 3] FON 2 08| 04 07 ee Ore 08220 0 
6 |...do..... 60 | 5 3.) 0 [20°] -0.) £0") .0450:|-20222)'20 ; 
Geiger. dosece: Q) 5 2 2/95) 95] 95|95) 95/95) 95 | 95 : 

ay s. 
6 | Mar. 20 (1) 8 8 | 95/95] 95) 95 95 | 95 | 95 95 4 

| | 

1 Room temperature. 
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By increasing the temperature of the water to 52° C., all larvee be- 
come motionless and lifeless after an exposure lasting 20 minutes. 
‘Exposures for a shorter time than this considerably reduced but 
did not entirely stop larval activity. In water at 54° C. the larve 
were practically all killed in 10 minutes, although there were six 
larvee from one gall, or 0.02 per cent of the series, which at the end 
of this time showed faint signs of life. Likewise, when treated at 
the same temperature for 15 minutes, 0.01 per cent, or three larve, 

were found sluggishly moving. In both cases the fractional per- 
centages of nematodes not killed are small enough to come within 
the expected limits of error, and in addition the faintly moving 
larvee appeared so weakened as never to be able to parasitize the 
host. Thus, at least for all practicable purposes, these two treat- 
ments seem absolutely effective. No living larve were found in 
galls immersed longer than 15 minutes in water at 54° C., and the 
same was true if they were exposed to the liquid at 56°, "5B, and 
60° C., respectively, for 5 minutes or more. 

In he check experiments, 95 per cent of the unheated larvge in 
the soaked and dry galls remained alive throughout the investiga- 
tions. 

It is both interesting and important to note that the hot-water 
treatments found effective for the nematode should so closely corre- 
spond to those which have been used successfully in controlling the 
loose smut of wheat caused by Ustilago tritici. TWumphrey and Potter 
(17) recommend treating water-soaked wheat for 10 to 15 minutes 
in water heated to a temperature ranging from 52° to 57° C. (125° 
to 135° F.) to control this smut. Because of this fact, a single 
operation should suffice for both the nematode disease and the smut. 

DRY GALLS. 

Larve within dry unsoaked galls are much less affected by a 
given hot-water treatment than those contained in galls previously 
moistened throughout. No doubt this is due to the longer time re- 
quired to raise the internal temperature of the dry gall to the thermal 
death point of the nematode. As shown in Table IT, 29 per cent of 
the larvee survived a hot-water treatment of 50° C. for 30 minutes, 
while 36, 24, and 55 per cent lived after immersions in water at 52° 
C. for 20 minutes, 54° for 10 minutes, and 56° for 5 minutes, respec- 
tively, all of which are treatments to which the larve in soaked 
galls succumbed. Only by increasing the time of exposure beyond 
that specified were the various temperatures entirely effective in 
killing the nematodes. 

The figures obtained by the writer on the hot-water treatments 
differ materially from those of Davaine (11) and Marcinowski (22), 
who state that larve in galls are not killed by an immersion for 10 
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to 12 minutes in water at a temperature of 54° to 56° C. If the 
statements of these investigators, however, were supported by ex- 
perimental data these were not presented, and furthermore, they 
failed to mention the important point as to whether they were treat- 
ing dry galls or those that previously had been soaked in water. 

TaBLE II.—Hffect of hot-water treatment on larve of the wheat nematode in- 
closed in dry galls. 

Hot-water treatment. Larve active (per cent). 

pune | 
of galls, | Pisce Ex In each gall at last Leste a 
ee ma enue examination. Average 

Lot. average D Temper- re as 
of more ate, ature __, |treatment| 
hand S00) 2 19ke. Pe? Chet ae HO (dams) | ea) gb 
| larve. |-a-} 2 | 3.|4 (3) 6} each.) cach 
| Tat treat- 

ment 

Minutes. |) aaesileeee | 
WNiovel seizaese 6 | Mar. 13 50 10 2 0 0 0 | 15 5 0 3.3 3.3 
INOS 2 ocf2-% 5| June 5 50 15 A335, |. Bo: 17907) 304290! |e a= 1856 56 
No. 2. 6 | Mar. 13 50 20 Zils Ole CosienO: 2a 2 OueaO 8.5 36.7 
No. 9.. 5 | June 5 50 20 {| 40 | 40] 90 | 75 | 80 65 \36. 
No. 2! 5 | June 17 50 30 BvleOO" a0 |) OOM 2b4) = LOE 29 29 
INO320.22 Dalene 50 | 35 3 | 10 | 20 0 | 40 0 |. 14 14 
No. 25 5 Cogeee 50 | 40 3 0 | 15 8 0 5 |- 5.6 5.6 
No. 27. 5 do... 50 | 45 3.1220) |2..06}%15 52202) 20°12 sal beak 
No. 10. 5 | June 5 52 | 10 41.35 |-80°|.-75 |-45-) 90°|- 65 65 
No. 1i. Sa eeelopaeel 52 15 4/10/65| 0/10) O|...-| 17 17 
No. 1: 5 do...- 52 20 4; 90} 20) 0] 70) O}- 36 36 
No..22. 5 | June 17 52 25 4}. 1} 20 | 15 | 55 | 40 }. 26,2. 3|,,26..2 
IN'O 21322 222 2 5 | June 5 54 10 4/ 0] 0] 60] O| 607. 24 24 
INOS52e5 see 6 | Mar, 13 54 15 220i ee OU Oe Ot 00g 2 0 a 6.5 
No.-11:...22 5| June 5 54 15 4/0] 0| 385 | 10>) 20 |--.-] 13 J 
No. 15....--+ Bae 3. 10 54 20 A=) 30°) 0] =0-) OF) .O0le S516: 6 
INOSIG S---- naileer GO teeet 56 5 + 0 | 90 ; 45 | 60 | 80}. 55 55 
INORLT oes BD lefncOea nate 56 10 4 07) -75.| 40 OF]: SOL Sea G28 21 
INoniSta22: pr eesdote 56 15 £'} 30 |- 0-}270;) 205)+05)- 0 \ 1 
INO M2 ))c ane 5 | June 17 56 15 3a Oe 040.) 2.29 0h 1s ad, 
INOjoE ese 6 | Mar. 13 58 5 QA. Ov 50) 202|- 7a 0280" R86 29. 8 
Now... 22 5} June 5 58 5) 4 | 50 0 | 65 | 90 0 |. ) 41 * 
INOW 6 | Mar. 13 58 10 2 0 | 80 | .06) 0 0 0 | 16 \28 5 
INOS Zoe ce 5|June 5 58 10 451-50" .04165) |, 9022042 41 ss 
INOX62.22 55: 6 | Mar. 13 60 5 2) 50.5 75 |>22|- 3° 1' 80 | 27a 1-475 \38 7 
No. 2 5 | June 5 60 5 4/70) 0) 80] Oj O71. 30 a 
NO. 22 5242-2 5 :|psed0-2ee- 60 10 4:10}, -03] 0:) 02/0). - 2140 0 

Days 
Check. ..... 6 | Mar. 13 (1) 395 | 95] 95 | 95] 95 |....] 95 \o5 

Dos sn. 22 5| June 5 ) 4 4 | 95'|-95 | 95 | 95:| 95.|-.../ 95 

! Room temperature. 

LARVZ OUTSIDE OF THE GALLS. 

Active larve liberated from galls were exposed to hot water in 
the following manner in order to ascertain their response to high 
temperatures. By means of a glass dropper about 300 nematode 
larvee were transferred to diminutive bags of silk and then placed 
in a large receptacle of water of the desired temperature. After a 
specified time the bags were removed, the contents of each immedi- 
ately emptied into distilled water in a Syracuse watch glass, and 
the larvee examined microscopically on each of several days follow- 
ing the treatment. The highest percentage of nematodes found living 
at any one observation was recorded and is presented in Table ITI. 
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TABLE II1.—Fffect of hot-water treatment on active larve of the wheat nematode 
taken from galls. 

Hot-water treatment. Larve living (per cent). 

ues SS EIT 
, Of Lous 0 of obser- Byl | , ots. 

Re ae : Temper-| Dura | ation ce Average, B00 cant Date. ature tort (days) ape by treat- 
; (°C.). : 1 | | ments. 

sn eee 

eee 
Minutes. | | pines 

OO ee se a 1) Mar. 27 48 3 4 85 [oceecec eee 85 
NOS Salas ane iy (ese dotees: 43 5 4 Ol aia eee 90 
INI@), tbe an 4 pee ee tame ly ESedoue ee 48 6 4 Oral ete cs Usain 50 
INORG Bearer 1 Moves 49 3 4 SO Ma a aea pi _ 90 
INO: 7 es BA seek eee ib ee Ahoy 49 6 4 | OO nen oe 50 
INO Gul Laas ae Wee sdom. 49 10 4 D0 ee | 20 
INOS ey oh eee IEE ACO nase 50 3 4 TESTS | eae eras | 75 
NCL ees 2| Mar. 26 | 50 5 4 60. | 60 5 
INGOs DIE eons sean 2| Apr. 29 50 5 4 -6 | 4 { 19.7 
INONAB—460 ee ee 2| May 7 50 5 4 oP 1.5 |J +! 
IN ORAS eer, Feels ane S 1 | Mar. 27 50 6 4 Lay OE a ee ee | 15 
SING se mee he 27 Tuli Saleee a 50 10 4 Rd aie ae ea } 
gMIBI a ehine i 0 =. 1| Apr. 15 50 10 6 On dl feeenee as | “ 
INO 290=30he ee ee Ls. 2) Apr. 29 50 10 4 0 | 0 | 
NORA TH4B ee ee 2| May 7 50 10 4 ORs Olea 
IN TCS ee As 1} Apr. 15 50 15 6 Oe en 
ING. BIS Yio eee eneee 2| Apr. 29 50 15 4 2 0 0 
INDULGE SOM Seek 2|May 7 | 50 15 4 0 oO | 
ORO oe | 1| Apr. 15 | 50 20 6 Ook nee: | 0 
ING IR ees 1| Mar. 27 | 51 3 4 DO alee ee ae | - 
IN\@) SBE RY eee es 2) Apr. 30 51 3 4 2 4. 5.8 
Hovis SS 2|May 7 | BI 3 4 2 tea 

INO. 135221520) ria 1.| Mar. 27 51 6 4 DS pg fee Seen | 
Rin eode ee 1| Apr. 15 Bi 6 6 Onecare? ae | 7 
Ligh oe eee 2| Apr. 30 i 6 4 | 2 i | 
INN SB baa es ee 2| May 7 51 6 4 | 0 0. | 
INI), dig on set co ire ae ae 1 | Mar. 27 | 51 10 4 (Ore tees arene Se | 
IOS 225 ae ae een 1 | Apr. 15 | 51 10 6 Ogee |e ean: 0 
INO HESES ae oe eens | 2 | Apr.. 30 | 51 10 4 0 0 | 
INGO) GEG anes seen 2| May 7| 51 10 4 0 6 
INOS PB Ser Gas oee peas 1 | Apr. 15 | 51 15 6 ORG ee See 0 
INO on ose i 1| Mar. 27 52 3 4 Oise eee a 
10, DA ee uae 1| Apr. 15 52 3 6 Opis | Aeon: 9.9 
INORS9=4 0) teen os 2) Apr. 30 52 | 3 4 LOR a Ase] % 
INGE By) eee 2|May 7 52 3 4 1 6] 
BN(ONel Gheer ens sere ons. 1| Mar. 27 52 6 4 Oyen eae eee 
INO, Diy, Siete aie pares eae 1 | Apr. 15 52 6 6 Ol esas eee 3 
ING 41 AD Mae ES eS) 2) Apr. 30 52 6 4 .16 Dee Z 
ING), BOT Oe aS Sea 2| May 7 52 6 4 0 a 
ISO} dos As Mie era 1 | Mar. 27 52 10 4 (Oe ees are | 
ISG), 2 GS ee se 1| Apr. 15 52 10 6 Oped lene seal 0 
INOVASE44ee es ae 2| Apr. 30 52 10 4 0 0 [ 
WoKelG2 sn... | 2| May 7 52 10 4 0 0 || 

Days. 
| Mar. 27 4 95 95 

GHECKAES Wee nes 2\\Apr. 29|- (1) 4 | 6 95 95 95 
| [May 7 6 95 95 

1 Room temperature. 

It is to be noted that neither the submersions at 48° nor 49° C. 
were of sufficient duration to kill all the larve, even though the 
number remaining alive was somewhat below that of the untreated 
lots held as a check. Treatments with water at 50° to 52° C. gave 
uniform results; that is, the percentage of larvee surviving varied 
directly with the length of immersion. For example, at 50° C., 19.7. 
15, and 0.8 per cent survived after exposures of 5, 6, and 10 minutes, 
respectively, while none lived Sere the exposure lasted for 15 min- 

utes. Comparable results were obtained at higher temperatures, 
with all larve succumbing at 51° and 52° C. in 10 minutes. It is 
interesting to note that the minimum length of time required to kiil 
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all larvee in these experiments at 50° and 52° C., namely, 15 and 

10 minutes, respectively, is exactly half that consumed in accom- 
plishing an identical result with the nematodes inclosed in galls 
which were soaked in water previous to treatment. Thus, the data 
as a whole in Table IIT show conclusively that the active parasites 
are much more sensitive to high temperatures outside of the pro- 
tective galls than inside of them.’ 

EFFECT OF CHEMICALS ON THE LARV. 

As adequate and dependable data regarding the response of larvee 
to some of the chemicals more commonly used as sterilizing and dis- 
infecting agents were not available, the writer has carried out a large 
number of experiments which were planned to obtain such data. 
In these experiments, as in those with hot water, both the free larve 

removed from galls and the protected larvee inclosed in galls were 
treated. Experiments with the protected larve will be discussed 
first. 

LARV IN GALLS. 

The method of procedure followed in subjecting the nematode 
galls to the chemicals and in determining the effect of the latter 
on the Jarvee was essentially the same as that used in the hot-water 
investigations; that is, water-soaked galls were submerged in the 
solution for the desired length of time, then washed in water sev- 
eral times, and each opened in distilled water in a Syracuse watch 
glass. The larval contents were subsequently examined microscop- 

ically daily for several days to determine the effect of the treatment. 
The average number of larve from each lot of galls surviving the 
treatment, as well as other data, is recorded in Table IV. 
By a study of Table TV it will be seen that unheated formalde- 

hyde at strengths of 1: 640, 1:320, 1: 160, 1: 100, and 1:80 produced no 
marked effect on the larve within two or four hours. Submerged 
in a 1:50 solution, however, for two hours only 2 per cent of the 
Jarvee in the galis remained alive, and when kept in this same 
streneth of the chemical for four hours none survived. Likewise, 
ali larvee were killed when the galls were treated in 4 per cent for- 
maldehyde for two and four hours, respectively. A 1:320 strength 
of the chemical at a temperature of 50° and 52° C. killed less than 
half the larvee when the galis were treated for one, two, and four 
minutes. It was thought that these hot solutions might be effective 
in eliminating the nematode, since Melhus. (23) controlled oat smut 
by applying a 1:320 strength at temperatures of 45°, 50°, and 55° 
C. for one minute. In the galls kept in tap water for four days 
and used as a check on those treated with formaldehyde, 95 per cent 
of the nematodes were alive. 
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Taste IV.—Effect of formaldehyde, mercuric chlorid, copper sulphate, and 
sulphuric acid on nematode larve inclosed in water-soaked galls. 

Treatment. Average 
Number Jarvee 

Chemical and temperature. of galls | living in 
Strensth Expo- Date, treated. | each lot 

aku. sure. 1918. (per cent). 

| Hours. 
: 2 3 65 L164 Ob eteecesis sn <i ‘ 3 90 

I}4- 3 73 
NASD Opa vera = la)= fis ieiers 4 2 85 

i alee nell, ieee 
Formaldehyde: 1: 100 9 5 79 

At room temperature (about 21° C.)..-. 1 100. E isan emi 4 5 54 

2 3 72 
TRUER Ree cae a { 4 3 82 
Ly HO sac seat eee 2 5 2 
P50 Aes ce ntat 4]. 5 0 

gh ee ceed aa: 2 4 
Minutes. 

a 1 5 59 
IN ROO CS SiS Ape 9 ae ae ae a Seg a DOO ieroeheis: eee 2, 5 61 

4 5 70 
ee 5 80 

ONE 2 ed OU peeireme ee oe cio sae ieeisieis annicgs cod Oeste lettin 2a\\e 5 63 
| 4 5 54 

Days. 

At room temperature (check). --.--.----- Tap water.....-.- 4 2 a 

Hours. 
| 3 3 63 

4 3 58 
‘ 5 3 28 
ORO) secs eraccers 6 |. 3 15 

7 6 0 
17 6 0 
3 2 57 
4 |. 2 62 

9 

Dap 000s eee ah 2 a4 
7 6 0 

. . 17 6 0 IMercunicicnlordiscant ose ase sae ceccce-ceee | 3 3 40 

4]. 3 15 

den OCosee see Bae 3 
7 6 0 

17 6 0 
i 8} 3 46 

4}. 3 0 

1021000 ER eee | a g 8 
| 7 6 0 
| 17 6 0 

. t 7 5 78 
’ per cent -cees 17 |. 5 29 

Coppensulphates): ssoeess eee sa see teeoe/ is i per cent.......- { ie : 3 aH 
; : | mae 5 4 

LOyPeriCeMUeaeee | 171. 5 1 

h per cent......... ae = 3 9 

Swlp unl Cac Gee scle Ness oneiseeele\-lsee nee le perCentte =a aeeee { ae C 2 S 

das 5 0 13 per,cent.....-.- { 17 |. 5 0 

Days. 
ECON 2 5 95 

Cheek area cos ccae ts Maciek ache we ciec cake S Tap water.....-.. 5 |4Oct. 19 5 90 
June 3 5 95 

It appears, therefore, from a study of the results presented in 

Table IV that the nematode in protected galls does not readily 
succumb to formaldehyde and will survive treatments with this 
chemical which seriously impair the germination of the wheat. 
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In Table IV also are given the data secured by treating soaked 
galls with mercuric chlorid, copper sulphate, and sulphuric acid. 

As can be seen, these results are comparable to those obtained with 

formaldehyde, namely, that the nematode is strikingly resistant to 
the chemicals and that treatments with these chemicals which are 
not injurious to the wheat fail to lall the larve. 

LARV OUTSIDE OF THE GALLS. 

The method of treating unprotected larvee outside of the galls 
consisted in placing the actively moving nematodes, usually those 
removed from a single water-soaked ‘gall, in the solution in a Syra- 
cuse watch glass. From the time the larve were put into the dish 
they were kept under continual microscopical observation for sev- 

eral hours, or a day, until after all signs of life had disappeared or 
until the treatment was discontinued. At the end of the experiment 
the percentage of larvee living was noted, and this, with other data, 
is given in Table V. 

TaBLeE V.—Fffect of various chemicals on unprotected larve of the wheat 
nematode outside of galls. 

Treatment. 
% Number Taye 

Chemical. of lots of] “C, oe 
Strength. Exposure. Date. larve. cent). 

Hours. | Minutes. Fe 
. 4 55 | May 31 3 0 

1; 240....2-+-.2+:. | 5 5| June 1 3 0 
48 | 3 15 | May 31 3 0 

SE 3 5| June 1 3 0 
; te 36} May 14 2 0 1: 100. -ececeeeceeele 727777 20 ay 

ear aia) Rtas Sear, Se. We | capt og roto \ a eee ben 45 | May 17 3 0 
Formaldehyde..........--+----- ea { eacat hie 32 | May 31 3 0 

ae ee at Poem leet oes 25} June 1 3 0 
ie | ee ee eee 46 | May 14 2 0 

BS Ol nipe nna cere rcs aoe, aac 50 | May 17 3 0 
1:25 { a teeee td 14 | May 14 2 0 
SF 0 shee aes a | eaves fl 17 | May 17 3 0 
: 4 25 | May 31 3 0 

Bi 0007 eaters: { 4 35 | June 1 3 0 
2 27 | May 31 3 0 Fl O00 eo aasee2 520 { d : 

Mercuric chlorid..........------ 2 Mp ee a : 
d= 100022 eee acs2 s ¥ 

2 { 2 30} June 1 3 0 
LOM 000s eee 2 O22 d0s.e- 3 0 

6 30.| May 16 2 85 
5:per cent... 2 Ss 8 35 | June 1 3 5 

17 0| May 17 2 0 
6 15 | May 16 3 60 

Copper. sulphate... 22... ..-2.:2. 10 per'cent. .2....- 7 15 | June 1 3 0 
| 17 0| May 17 3 0 

6 15 | May 16 3 20 
15 per'cent......... 7 45 | June 1 3 0 

alg 0| May 17 3 0 
4 per cent........: { 3 20 |...do - 3 60 

| 7 0! June 1 3 0 
HUIPHULIG ACG we ece sesso ete l per cent.s222-25 { 3 5 | May 17 3 40 

| 5 25| June 1 3 0 
14 percent. 2.22.2 { 3 5 | May 17 3 . 001 

| 4 50 | June 1 3 i 
Days. 

- MM. Bed F |\fMay 14 3 95 Check sae ene, ee ee ie Tap watere....... | Fyalllsie fe Seetig May 31 3 95 

} 

A study of Table V shows that the larve are extremely resistant 
to the toxic action of the chemicals, living 4 hours and 55 minutes 
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in formaldehyde of 1:240 strength and 4 hours and 25 minutes in 
mercuric chlorid of 1:1,000 strength. Submerged for 6$ hours in a 
5 per cent solution of copper sulphate, 85 per cent of the larvee re- 
mained alive; and immersion for 34 hours in sulphuric acid of 0.5 

per cent strength failed to kill 60 per cent of them. These few 
figures are sufficient to indicate the impracticability of using these 
chemicals for disinfecting seed. 
By comparing the figures in Table IV with those in Table V it 

will be seen that a considerably longer time was required for the 
chemicals to kill the larvee when they were inclosed in galls than 
when they were not. 

OVERWINTERING OF THE PARASITES. 

It is in the second larval stage that the organism lives from one 
season to the next. But just where most of these larvee overwinter 
outside is an unsettled question about which there is no uniformity 
of opinion among the investigators who have studied the problem. 
Some of the earlier investigators, including Roffredi (30) and Hens- 
low (16), were of the opinion that the larve overwintered in the 
protective galls which shattered out of the wheat heads at harvest 
time and dropped to the ground or else during the fall were sown 
in the soil along with the seed. According to these earlier workers 
the larve did not escape from the galls into the soil and infect the 
wheat plants until spring. On the other hand, Davaine (11) in 1857 
concluded from his experiments that infection takes place in the fall 
when the nematodes are freed from the galls and that the larve over- 
winter in the young wheat plants. Since that time this view had 
been generally held by scientific workers until 1909, when Marcinow- 
ski (22) deduced from rather extensive experiments that most of the 
larve remain in the galls throughout the winter, although a few may 
escape at almost any time during the fall or winter and either live 
free in the soil or locate in the seedlings. It will thus be seen that 
there is-no general agreement as to the manner in which the parasite 
passes the winter in the field. 

The writer has tentatively concluded from preliminary observa- 
tions on field experiments which are still under way that most of the 
larvee get out of the galls in the fall and overwinter either in a free 
state in the soil or as an ectoparasite in the seedlings. Evidence sup- 
porting this view was found in January, 1919, when-a large number 
of nematode-infected seedlings were observed in an experimental 
field plat. These infected seedlings occurred in rows of wheat which 
were grown from wheat seed planted October 11, 1918, in uninfested 
soil. Sown along with the seed was an equal volume of unopened 
nematode galls. It seems probable, therefore, from the large num- 
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ber of seedlings infected and from the many parasites found in some 
of the plants, that most of the larvee must have escaped from the galls 
before January. It is not safe, however, to draw general conclusions 
from such limited observations, and the manner in which the larvee 

live through the winter may depend upon the seasonal conditions 
occurring in the fall. Most likely the nematodes are liberated from 
the galls when favorable moisture and temperature conditions exist, 
regardless of whether this be in the fall, winter, or spring. That the 
larve, either within or without the gall, may withstand extreme cold 
is indicated by the laboratory experiments of Davaine (11), who sub- 

jected them without injury to a temperature of 15° to 18° C. below 
zero for five hours. The writer has kept them embedded in ice for 
several days and on reactivating them in water observed no in- 
jurious effect of the treatment. Indeed, the larvee began their move- 
ments while the water was barely above the freezing point. 

HOST PLANTS. 

Investigators disagree as to the host range of 7ylenchus tritici. 
Most of them, however, maintain that it is a highly specialized 

parasite normally attacking, to any appreciable extent, only wheat. 
Both Roffredi (380) and Marcinowski (22) were able to produce 

only small, imperfect flower galls of barley (Hordeum vulgare) 
and rye (Secale cereale) by artificial inoculation with larve. In a 
similar manner more pronounced infection was secured in spelt 
(Triticum spelta), although in this plant the number and size of 
the galls fell much below that of wheat (Z'riticum vulgare) sub- 

jected to like treatment. Also, under natural conditions, spelt is 
reported to have been shghtly diseased. Henslow (16), without 
adducing convincing evidence, states that he obtained with diffi- 
culty a slight infection of oats (Avena sativa), rye, and barley. 

During the season of 1918-19, the writer, in cooperation with 
A. G. Johnson and R. W. Leukel (9), induced an abundant infec- 
tion of emmer (7'riticum dicoccum), rye, and spelt, and a skight in- 
fection of oats. These crops were grown in a previously unin- 
fested field and were inoculated by sowing in certain rows seed 
mixed with nematode-containing galls. In other rows seed in- 
fested with free nematodes was planted. 

In the case of rye, spelt, and emmer, flower galls of about the 
size of those produced on wheat occurred on numerous spikes of 
these plants. In oats only a few small flower galls were found in 
a limited number of plants. Similar experiments on barley gave 
only negative results. 

Thus, from the rather limited data available on the subject it is 

evident that the nematode may parasitize cereal grasses other than 
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wheat, although apparently not to so great a degree. Further care- 
ful observations in the field and more adequate cross-inoculation 

experiments are necessary, however, in order definitely to deter- 
mine the relation of the nematode to these cereals. 

On many wild grasses, flower galls due to species of nematodes 
closely related to and by many believed to be identical with Z'ylen- 
chus tritici have been found by both European and American ob- 
servers. Bessey (4) in 1905, for example, reported that he had 
found such galls in grasses of the genera Chaetochloa, Agropyron, 
Elymus, Calamagrostis, and Trisetum collected in Texas, Oregon, 
and Alaska, but was unable to determine whether any of them. were 
induced by an eelworm identical with the wheat nematode. Some in- 
vestigators have given the causal organism occurring on the various 
grasses specific names, such as 7’ylenchus agrostidis, T. graminearwn, 
and 7. phalaridis, depending largely upon the host attacked, and 
sometimes in the brief inadequate description of these parasites the 
writers have pointed out minor differences between them and 7'ylen- 
chus tritici. On morpnological grounds alone these described dif- 
ferences are not sufficient to warrant separating them from the wheat 
nematode, and for this reason Dujardin (13), Diesing (12), and 
Bastian (2) in their helminthological monographs have considered 
them identical with 7ylenchus tritici, Whether the gall-producing 
nematodes discovered on different grasses are physiologically alike 
in parasitism can, of course, be determined only by cross-inocula- 
tion experiments, a thing which the above-mentioned investigators 
apparently did not attempt. Marcinowski (22), however, in an ex- 
periment covering two years, failed to induce flower infection of 
many grasses with 7'ylenchus tritici. Each plant during the first 
year was inoculated with the larvee of several hundred wheat galls 
and during the next year was again treated with the larval content of 
about 800 galls. The grasses used in the experiment were, for the 
most part, those on which galls had been reported. They are as 
follows: 

Agrostis capillaris, A. stolonifera, A. canina. 

Bromus erectus, B. pratensis, B. secalinus. 

Alopecurus geniculatus. 

Festuca ovina, F'. pratensis, F. vulgaris. 

Holcus lanatus. 

Poa annua, P. pratensis. 

Phleum bohmeri, P. pratense. 

Although suspicious symptoms appeared in the leaves during the 
second year on Festuca vulgaris, Poa annua, and Alopecurus genic- 
wlatus, not a single gall was found on any of these hosts, and the 
fruit matured normally. 
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In examining many of the common grasses, especially Bromus 

secalinus and Dactylis glomerata, growing in and near severely dis- 
eased fields of wheat in Virginia, the writer has been unable to find 
nematode galls of either the flower or leaf. The evidence at hand, 
therefore, seems to indicate that the nematode on wheat is not iden- 
tical with forms producing flower galls on wild grasses. 

Not infrequently nematode galls located only on the leaves of 
grasses have been reported. Some of these are caused by organisms 
morphologically similar to and by some investigators also thought to 
be identical with 7'ylenchus tritici. ‘The writer has found such leaf 

infections particularly abundant on Calamagrostis canadensis in 
Wisconsin, but these are caused by a species of Tylenchus different 
morphologically from the wheat nematode. In general appearance 

they resemble somewhat the uredinia of certain rusts, for which 
they have been mistaken. As a rule, they are small, yellow, ellip- 

soid swellings, about 5 mm. long, 2 mm. wide, and 2 mm. thick, which 
involve the entire thickness of the leaf at the affected point, causing 
it to protrude slightiy from the upper and lower surfaces. Their 

long axis extends in a direction parallel to the midrib, and they may 
occur on any portion of the leaf. Grasses so affected have been ob- 
served many times in both America and Europe. As in the case of 
the nematodes causing flower galls on various grasses, it is not pos- 
sible, on account of the brevity of descriptions, to determine posi- 
tively whether all the nematodes in the leaf galls of grasses differ 
from Tylenchus tritici. On the whole,, it seems rather unlikely that 

any of them are identical with the wheat organism, since the latter . 
is primarily a parasite of the inflorescence and only occasionally pro- 
duces leaf galls. 

An interesting and important question is whether identical or- 
ganisms are responsible for the leaf and the flower galls of the wild 
grasses, on some of which both types of attack occur. In the case 
of wheat, the writer has shown that the two kinds of galls may be 
induced by Tylenchus tritici. Davaine (11) obtained similar results 
and Kieffer (20) also noted definite leaf swellings which contained a 
species of Tylenchus very likely identical with 7. tritici, but Marci- 
nowski (22) was unable to find leaf galls on wheat. 
From what has been said it is evident that considerable investiga- 

tion is needed to extend our knowledge of the relation between 
Tylenchus tritici and other nematodes occurring on grasses. 

METHODS OF SPREADING THE PARASITES. 

Only in its second larval stage does the parasite constitute a source 
of new infection. All other stages of the life cycle are more or less 

transitory, unable to withstand unfavorable conditions, and unable 

to live or develop for any appreciable time outside the host plant. 
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It is evident that the larve are most frequently introduced into 
new localities while contained in the galls. The latter may be trans- 
ported along with seed wheat in which they are mixed, or in soil, or 
by many other means. If conditions are unfavorable for the larvee 
to escape from these galls, the parasite is able to remain in a lethar- 
gic dried state for many years and afterwards to produce the dis- 
ease. The organism may also be transferred long distances outside 
of the protective galls, in which case it probably could not remain 
alive and active for more than one year unless a host plant were 
found. In this free state the larve are most likely to be carried in 
soil, which is practically the only place where they normally occur 
outside the host. Although the spreading of free larve may take 
place, it is, of course, almost entirely by means of those contained 
in galls that the organism reaches widely separated areas. In the 
latter condition it has been repeatedly introduced into this country 
with importations of seed wheat. In all probability such introduc- 
tions would have been entirely prevented or long delayed if careful 
inspection of all shipments had been made. In the future every pre- 
caution should be taken to prevent its further importation. 

Once introduced into a locality the larve are capable of traveling 
by their own movements only very limited distances in the soil. 
Haberlandt (15) states that he obtained infection in seedlings which 
were growing in the ground 20 cm. distant from an unopened gall. 
The writer has found abundant infection in seedlings growing 30 
em. away from unopened galls which were buried a few inches be- 
low the surface of the ground. When it is considered that this move- 
ment must have taken place within a short time, probably less than 
a month, the rate of travel for so small an animal is fairly rapid. 
Probably during the course of a growing season, in which infection 
may take place at any time if young plants are available, the organ- 
ism might be able to cover several feet or even a few yards. It is, 
however, not through their own efforts that these larve mainly are 
spread. Many other means are at their disposal. Either within or 
without the galls, they may be distributed by running water or water 
resulting from heavy rains. They will not drown after months of 
submersion, and as drying for a long period does not kill them they 
may be carried alive in small particles of desiccated soil in various 
ways, such as on the feet of men and animals, and by agricultural 
implements. Fortunately, there usually is but little tramping over 
fields while they contain growing wheat, so that this is an unim- 
portant means of spreading the parasite except when no crop is 
present. 

Of course, the chief manner of spreading the parasite within a 
locality is by the sowing of seed wheat which is mixed with nema- 
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tode galls. As pointed out later, it 1s possible to free the seed by a 
simple method, yet it is the part of wisdom to sow clean seed which 
has been grown in uninfected areas. 

METHODS OF CONTROL. 

Fortunately, the nematode disease appears to lend itself fairly 

readily to control measures. At least this has been the experience 

of European agriculturists, and there seems to be no reason why the 
malady should not respond to proper combative methods in this 
country. Indeed, the measures employed are so obvious and appar- 
ently so effective that very little attention has been given to this 
feature of the disease by research men, no doubt for the reasons 
given. Successful methods of control are given below, based on the 
etiology of the disease as presented and on limited field observations 
by the writer and investigators in England and continental Europe. 

CLEAN SEED. 

To prevent the occurrence of the malady it is absolutely essential! 
that clean wheat unmixed with nematode galls be secured for seed 
purposes. The disease may be detected most readily at harvest time 

or after thrashing. If dark, hard galls, containing a white mass of 
nematodes, are found in the wheat, such grain should not be used 

for seed unless no other is available. Instead, a supply grown in 
localities in which the disease does not occur should be obtained. 

However, if clean seed is not obtainable, the nematode galls may 
be separated from the sound wheat by the so-called salt-brine method. 
devised by Johnson and Vaughn (18) for removing ergot from rye. 
Essentially it consists in pouring the infected seed slowly into a 
water solution containing 20 per cent of common salt (NaCl) and at 
the same time stirring vigorously. Because of their lower specific 
gravity, the nematode galls, light kernels, smutted grains, the seeds 

of some weeds and grasses, and other foreign material will float, 
while the sound grain will sink. After removing the galls and other 

floating matter from the surface of the solution, pour off the latter 
and rinse the grain in water immediately. After being freed from 
nematode galls the grain should be spread out to dry, after which 
it is ready for planting. With Dr. A. G. Johnson, the writer has 
successfully employed this salt-brine method, separating and _re- 
moving every gall from several bushels of wheat which contained 
more than 50 per cent of the injurious galls. The method is not only 
entirely effective and inexpensive, but also readily adaptable for 
Gperations involving small or large quantities of grain. The germi- 
nating quality of the grain is not impaired by the treatment. 
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The writer has also separated nematode galls from small quanti- 

ties of diseased wheat by another method, which requires considerable 
care and effort for its successful execution. It is carried out by re- 
leasing water under pressure at the bottom of a receptacle which 
contains the infected wheat and stirring and roiling vigorously at 
the same time. If the water is released through a hollow rod at- 
tached to a hose the rod may also be used in stirring the grain. 
With such treatment the nematode galls and other hght material 
will rise to the surface and may be easily removed. Whether this 
water method would be effective for use where large quantities of 
grain are to be separated has not been determined. 

In removing the galls by either of these means there is little likeli- 
hood that seed so cleansed will bear any living larvee on the surfaces 
of the kernels. Only rarely do the larvee escape from galls which 
are held under the usual storage conditions, and any that might es- 
cape would most likely be killed by the usual rubbing together of 
the kernels as the grain is handled. On drying out, the larvee become 
stiff and brittle and are very easily broken. However, in order to 
eliminate the possibility of transmitting any source of infection 
along with the sound kernels the cleaned seed can be treated with hot 
water at a temperature of 51° to 52° C. for 10 minutes, a treatment 
which the writer has found to kill unprotected larve. According 
to Humphrey and Potter (17) this treatment is also sufficient for 
controlling loose smut (Ustilago tritici). If the hot-water bath is 

to be given, it should be applied directly after the wheat has Doce 
separated from the galls. 

Although the methods just described would seem to obviate the 
necessity of any other means of disinfecting the grain, another 
means of accomplishing equally good results is available. It con- 

sists of soaking the gall-mixed seed for about an hour in unheated 
water and immediately immersing it for 20 or more minutes in 
water held at a temperature of 52° C. Equally effective has been 
found either an immersion of the soaked seed for 15 minutes in 
water maintained at 54°, or for 10 minutes at 56° C. The writer 
has never been able to find living nematodes within galls given any 
of these treatments, although these observations are apparently at 
variance with those of Marcinowski (22), and Davaine (11), who 
report that they were unable to kill the organism by immersing the 
galls in water at a temperature of 54° to 56° C. for 10 to 12 minutes. 
Doubtless they did not previously soak the infected seed. This sup- 
position would account for the difference in results, as it takes a 
much longer time to raise the internal temperature of dry galls or 
seeds than that of those which are wet. 
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The various chemicais ordinarily used for disinfecting purposes, 
such as formaldehyde, mercuric chlorid, and copper sulphate, failed 

to kill the nematodes when used in strengths which did not injure 
the seed. 

CROP ROTATION. 

Crop rotation, as well as the use of nematode-free seed, is essential 

in controlling the disease, as the indications are that the parasite 
may live in the protective gall for one or more years in soil in which 
no congenial host grows, and at the end of that time constitute a 
source of infection. If infested land be planted for two or prefer- 
ably for three consecutive years to nonsusceptible crops, most or 

all of the nematodes wiil be eliminated. Although these nematodes 
are capable of remaining alive, but inactive, in a dried, stiffened state 
for a number of years, under the usual field conditions the tempera- 
ture and moisture are such that they become active during the 
warmer months, and in this motile stage they will starve in less 
than a year provided no susceptible plant is available. Almost all 
of the active larvee will have starved in the soil during the first year 
after a diseased crop has been harvested, but it is advisable not to 
plant a susceptible crop on infested land until after two or more 

years. In England, where a 2 to 3 year rotation of crops, including 
wheat, is now commonly practiced, Ormerod (27) reports that no 
difficulty in controlling the disease has been met with if uninfected 
seed wheat is sown. Marcinowski (22) made a similar report of 

conditions in Germany. 
Until our knowledge concerning the range of the host plants of 

Tylenchus tritici is more complete, it is highly inadvisable to grow — 
not only any variety of wheat, oats, rye, emmer, or spelt but also 
any of the closely related grasses on land that is to be freed from 
nematodes. So far as known, all strains or varieties of wheat are 
equally susceptible, none having been reported as resistant. Al] wild 
grasses, especially those on which flower galls caused by nematodes 
have been found, should be scrupulously kept off the land, as some 
of them may be susceptible to the wheat nematode. These grasses, 
as well as weeds, may be more easily kept down if the rotation crops 
are planted in rows so as to permit clean cultivation. As there are 
no plants outside of the grass family on which 7'ylenchus tritici has 
been reported, several presumably immune crops exist which can 
be used in rotations designed to control the disease. Every precau- 

tion against reinfesting the soil should be taken if success in con- 
trolling the nematodes by crop rotation is to be obtained. Spread- 
ing the pest by those means already pointed out should be prevented. 

Other methods of controlling the parasite have been proposed, 
but because of their inefficiency or impracticability they have not 
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been adopted. Kiihn’s (21) catch-crop method, once thought to be 
a practicable means of controlling the sugar-beet nematode (//etero- 
dera schachtiz) has been proposed. It consists of growing a suscep- 
tible plant, in this case wheat, on the land, allowing it to become well 
infected, and then destroying the young plants at the proper time 
to catch the largest number of nematodes. Then by removing the 
crop from the land many of the parasites are eliminated. The 
method is ineffective because only a portion of the nematodes free 
in the soil enter the seedlings, and it is also impracticable because 
of the cost involved. Deep plowing is a more successful means of 
reducing the disease, but this by itself is not adequate to eliminate 
the nematodes. The deeper the larvee are turned under the soil be- 
low a depth of a few centimeters, the less opportunity they have for 
reaching and infecting plants. Marcinowski (22) obtained a higher 
percentage of infection when the nematodes were placed 3 centi- 
meters below the surface of the soil than at any other depth, and 

only a smali number were able to reach the wheat seedlings buried at 
a depth of 30 centimeters. 

SUMMARY. 

A serious disease of wheat known in Europe since 17438 and due 
to the nematode Tylenchus tritici (Steinbuch) Bastian has been re- 
cently found causing considerable damage in certain parts of the 
United States, particularly in Virginia. 

Reports in the literature and an examination of specimens re- 
ceived from various foreign countries show that the malady is almost 
world-wide in distribution, having been discovered in all continents 
except Africa. Within the United States it is known to occur at 
present in California, Virginia, West Virginia, Maryland, and Geor- 
gia, and other States also may be found to be infested. 

Samples of harvested wheat collected in Virginia contained from 
less than 1 per cent to more than 50 per cent of diseased kernels by 
count, and as much as 40 per cent damage by it to some fields of 
wheat in the same State has been observed. 

On seedlings the disease usually causes a decided wrinkling and 

rolling or distortion of the young leaves, which, if severely attacked, 
turn yellow, wilt, and die. Occasionally such leaves have one or 
more small light-colored galls, which may be located on any portion 
of the leaf and contain the causal organism. Roots are not directly 
affected, nor do the stems of infected plants near the surface of the 
ground become swollen, as in the case of tulip-root, another disease 

of wheat, caused by the nematode 7'ylenchus dipsaci, which infects 
stems and crowns. It is on the maturing spikes that the malady 
produces the most conspicuous symptoms. As a rule, infected heads 
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retain their green color longer than normal spikes. They are reduced 
in length and have their glumes spread out at greater angles than 

uninfected spikes. In place of normal kernels the glumes contain 
dark, hard galls, which are shorter and frequently thicker than 
wheat grains and which may be seen sometimes partly exposed in 
diseased spikes. Because of a general similarity, these galls often 
have been mistaken for the seed of cockle (Agrostemma githago), a 
weed which occurs commonly in wheat fields, for kernels affected by 

stinking smut due to 7'idletia trittci, and for bin-burnt wheat caused 
by overheating the stored grain. : 

The disease is caused by a minute nematode, Zylenchus tritici 
(Steinbuch) Bastian, the larval stage of which in great numbers 
may be seen with the unaided eye when a gall is teased apart in 
water. These larvee in mass appear milky white in color. Indi- 
vidually they are threadhke animals, nearly 1 millimeter in length 
and capable of an eellike movement. Under favorable conditions 
of moisture and temperature they escape from the galls which have 
fallen to the ground or have been sown along with wheat seed, and 
by their own movement reach the young seedlings. They finally be- 
come located between the leaf sheaths near the terminal stem bud 
and in this region are passively elevated to the inflorescence. Occa- 
sionally they penetrate the leaves and induce small swellings, but 
usually they enter only the embryonic flowers, which develop into 
galls instead of kernels. In these places the larvee, after several 
metamorphoses, develop into about equal numbers of male and 

female adults, the former about 2 mm. in length and the latter 
from 3 to 5 mm. long. Each female may lay more than 2,000 eggs. 
Measuring approximately 37 » wide by 85 p long, these eggs are 
elongate, ellipsoidal, granular bodies, which in a short time after ovi- 
position develop into larve and in this manner complete the life his- 
tory of the organism. At the maturity of the plant the larvee within 
the gall become inactive, dried, and motionless, in which lethargic 
condition they can remain Nice for many years. 

The larvee inclosed in galls were killed by an immersion in water 

at temperatures of 50°, 52°, 54°, and 56° C. for 30, 20, 10, and 5 
minutes, respectively, provided the galls were thoroughly moistened 
before the treatment. Much longer immersions at the same tem- 
peratures are necessary to kill them if the galls are dry when 

treated. Free from the protective gall, the larve succumb to tem- 

peratures of 50° and 52° C. in 15 and 10 minutes, respectively; that 

is, in half the time required to kill them within the galls. Larvae 
either inside or outside the protective gall are highly resistant to 

the toxic action of formaldehyde, mercuric chlorid, copper sulphate, 
and sulphuric acid. They live after long submersion in concentra- 
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tions of these chemicals, which in a short time are injurious to seed 
wheat. 

The nematode appears to be primarily a parasite of wheat. Toa 
less extent it parasitizes rye, oats, spelt, and emmer, and it has been 

reported on barley. 
The malady is most commonly spread by means of seed wheat 

containing nematode galls. It may be distributed in various other 
ways, such as by the feet of men and animals and by agricultural 
implements to which dirt containing viable larvee may cling. Sur- 
face water resulting from rains often transports the parasite from 
an infested to an uninfested field. 

The disease may be controlled by the use of nematode-free seed 
in combination with the employment of a 2 to 3 year crop rotation 
and the application of proper sanitary precautions. Uninfected 
wheat for planting should be secured, if possible, from localities 
where the disease does not occur. Nematode-free seed, however, may 
be obtained from diseased grain by floating off the galls in a 20 per 
cent salt solution and then treating the remaining wheat with water 
at a temperature of 50° to 52° C. for 10 minutes. Diseased seed can 
also be freed from nematodes without removing the galls by im- 
mersing them in water at a temperature of 54° to 56° C. for 10 to 12 
minutes. By keeping wheat off infested land for two or, better, for 
three years, all or most of the nematodes will have starved, so that 
the subsequent wheat crop will not be appreciably damaged. Every 
precaution should be taken to prevent the reintroduction of nema- 
todes to land which is being rotated to control the disease. 
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INTRODUCTION. 

In the semiarid region of the Southwest, where an immense acreage 
of beans is grown annually, a destructive insect known as the bean 
ladybird, bean beetle, “bean bug,” and spotted bean beetle? does 
great injury. Indeed, it is to the bean crop what the Colorado potato 
beetle is to the potato, a pest of the highest importance in the region 
which it inhabits. 

The beetle devours all parts of the bean plant—leaves, flowers, and 
growing pods. Its main food supply, however, is the leaves, through 
which it cuts irregular holes (Pl. I; III; IV, fig. 1). Its injuries, 

* Epilachna corrupta Muls.; order Coleoptera, family Coccinellidae. 

Norre.—This insect was under the observation of the junior author (whe died Sep- 
tember 10, 1918), from 1914 to 1917. The life-history investigations were conducted in 
an open-air insectary at Rocky Ford, Colo.; and some field operations were conducted 
also at Pueblo, Fort Collins, and Colorado Springs, Colo., and at Maxwell and French, 
N. Mex. 
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so far as is known, are practically confined to beans, and no variety 
seems to be exempt from injurious attack. This insect has been ob- 
served feeding on various forms of the kidney bean (Phaseolus vul- 
garis et al.), including string, pole, navy, and tepary or Mexican, 
and on the lima bean (Ph. lunatus). Of these string beans are 
favorites. On one occasion the soy bean (Soja hispida) was at- 
tacked. The beetles, unlike those’ of the bean leaf-beetle (Cerotoma 
trifurcata Forst.), show no tendency to injure very young plants and 
the larvee work on the lower surface of the leaves, skeletonizing large, 
irregular areas without cutting the epidermis or upper skin. (PI. 
i 101.) 

It is fortunate that its field of operations is limited, both as re- 
gards the crop plants affected and the territory over which it ranges. 
It has been estimated that it does an annual damage in New Mexico 
varying from 5 to 100 per cent of the crop, the average loss being 
conservatively placed at 10 per cent. 

This species is remarkable in that it is one of two species of lady- 
birds occurring in the United States? which feed exclusively on 
vegetation, the other forms of the ladybird family being predacious 
and subsisting largely on plant-lice, or aphids, and the eggs of 
insects. 

SYNONYMY. 

The bean ladybird was described by Mulsant in 1850 (1, p. 815)? 
under the name by which it is known in economic literature, E’p7- 
lachna corrupta. In the original description in which this name 
appears, printed under No. 90, 2. varivestis is also described as No. 
91, yet Crotch (3, p. 62), followed by Gorham (8, p. 242), recognized 
the latter as the proper name for the species, and relegated corrupta 
to synonymy, in which case the strict law of priority has not been 
followed. This species has evidently been described under at least 
a half dozen names, but as there is no means of deciding positively 
the exact term to apply to the species under consideration, E'pilachna 
corrupta is here used to avoid further confusion, although F’. varipes 
Muls. was described first and is acknowledged by Crotch and 
Gorham to be the same species. The name used by Bland (2), Z. 
maculiventris, described in 1864 from the Rocky Mountain region of 
Colorado, undoubtedly applies to this species and naturally falls 
into synonymy. 

DESCRIPTION. 

THE ADULT. 

The adult (fig. 1, 6) is a robust beetle, oval in outline, and about 

one-fourth of an inch in length by about one-fifth of an inch in 

1The other is known as the squash ladybird (H£pilachna borealis Fab.). 

° Reference is made by figures in parentheses to ‘‘ Literature cited,’ p. 20. 
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width. The color of the newly developed adult is yellow, gradu- 
ally darkening with age to a grayish brown. Each elytron or wing- 
cover is marked with eight small black spcts of variable size. 

Technical descriptions of the genus and species follow: 

GENUS EPILACHNA. 

Large, pubescent species related to Chilocorus. Sides of prothorax only 

slightly curved and broadly explanate; those of elytra rather strongly re- 

flexed; epipleurze horizontal, broadly concaye, not distinctly extended to 

sutural apex. Metasternal and ventral lines well-defined, legs moderately re- 

tractile; femora not deeply sulcate beneath, tibize with an acute external edge, 

and shallow groove for reception of tarsi; claws cleft, with lower cusp nearly 

as long as upper. 
EPILACHNA CORRUPTA MULS. 

Form oblong, more narrowly oval than borealis and distinctly smaller, dull 

in luster, densely pubescent, and very closely, unequally punctate; color gray- 

ish brown; head and pronotum without spots. Each elytron ornamented with 

Ws 

NO 
at 
ats 

Cc d 
Fic. 1.—The bean ladybird (Epilachna corrupta) : a, Larva; b, beetle; c, pupa; d, egg 

mass. About three times natural size. 

eight spots or dots of varying size in three rows; three small sub-basal spots 

in a broken row, median less basal; three in a transverse subparallel row just 

before the middle, usually larger than sub-basal, median usually a little larger, 

and two near apical fourth, placed near inner fourth and outer third. Lower 

surface darker or concolorous with legs, which are pale throughout. 

Length 6.5-7.8 mm.; width 4.8—5.4 mm. 

The so-considered Mexican variety, Z’. varipes Muls., differs mainly 

from the species under discussion as it occurs north of Mexico in 
having the two subapical spots united or coalescing, forming an 
arcuate fascia. All spots are also larger and surrounded by a lighter 
aureole. The typical varivestis, as figured by Gorham, shows these 
aureoles, but they are less pronounced in many specimens from the 
United States. 

Specimens occasionally occur of a more or less pronounced buff 
color, but these usually are not fully colored, being more or less im- 
mature when killed for mounting. 

THE EGG. 

The egg is dull pale yellow, elliptical in outline, approximately 
twice as long as wide, a little larger at the base or attached end than 
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at the apex. The surface is strongly sculptured. The length of the 
egg is 1.25 mm.; the width 0.6 mm. 

The eggs are deposited on end on the lower surface of the bean 
leaves (PI. IV, fig. 1) in irregular masses, varying from half a dozen 
to about 75, with an average of between 40 and 50. (See fig. 1, d.) 

THE, LARVA. 

The larva is yellow and the body is armed with long, formidable, 
strongly branched spines, darker at the tips. When full grown these 
spines, although somewhat irregular, are arranged in rows both 
longitudinally and transversely, as shown in the accompanying illus- 

tration (fig. 1, a). The head is moderately prominent, as are the 

mandibles and other mouth-parts, which with the eyes are darker 
than the other parts. The legs are rather long and stout and the anal 

segment is obtusely and roundedly produced. The newly hatched 
_ larva measures about one-sixteenth of an inch in length and the full- 
grown larva about five-sixteenths of an inch. Descriptions of the 
larval stages, as given by Merrill (21), follow: 

First Stage. When the yellowish larva first frees itself froit the egg the . 

spines are closely appressed. As the chitin dries, the spines become erect and 

are seen to be branched at and near the tip. Later the tips of the branches be- 

come darker. The larva is about 1.8 mm. long by .6 mm. wide. The body 

tapers sharply in the abdominal region and is recurved downward. There is a 

row of four spines across the front of the rather pronounced pro-thorax. On 

the rest of the body there are six longitudinal dorso- Sas seta rows, the spines of 

the outside rows being very small and very few. * es 

Second Stage. After the first moult the larva is 2 mm. long and the tip of 

the abdomen is slightly more curved than in the first stage. The spines are 

longer and more branched. The dark tips are not so pronounced. The rows 

of spines are the same in number but more distinct. * * * 

Third Stage. After the second moult the larva is 4 mm. long. The spines 

are longer, more branched from the sides, and dark tipped. The rows are now 

easily seen. In this stage the larva seems to be rather humpbacked, the 

highest and widest portion of the body being about the middle portion. The 

abdomen tapers sharply, the anterior end slightly, only. * * * 

Fourth Stage. At the beginning of the fourth stage the larva is 5.4 mm. long 

and it increases to nearly 1 cm. in length before the fourth moult. The chief 

difference between the larva in this stage and in the last is in the size. 

THE PUPA. 

The pupa (fig. 1, c; Pl. V) is ovate in outline, and approximately 
the size of the adult. It is yellow with brown markings. Anteriorly 
it is roundedly subtruncate and posteriorly tapers strongly toward 
the apex. The surface is sparsely beset with bristle-like sete and 
long hairs. The head is folded down in front over the thorax and the 
posterior legs reach below the wing-sheaths. The apex terminates in 
two elongated processes, conical at the base and black at the ex- 
treme tips. The larval exuvie are pushed down and form a protec- 
tion for the last abdominal third of the body. (Pl. VIL.) Length 
7-7.5 mm.; width 44.5 mm. 
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DISTRIBUTION. 

The bean ladybird occurs in the States of New Mexico, Arizona, 
Colorado, and Texas. In the last mentioned State it is restricted 
to localities in the western part. It is also said to occur in Kansas 
and Arkansas but not as a pest. There is a single record of a beetle, 

presumably: a “chance find,” having been taken at Ogden, Utah, but 
it is not positively known that the species breeds in that State. 

The bean ladybird, as has been stated, is to the bean industry in 
the West what the Colorado potato beetle is to the potato crop in 
the East, and its origin is obviously the same—Mexico, where it 
is widely distributed. It is also found throughout Central America. 
It has been observed at elevations of from 3,000 to 7,000 feet above 
sea level in New Mexico, and of about 4,000 to approximately 
5,000 feet in Colorado. 
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Fic, 2.—Map showing known distribution of the bean ladybird in the United States, 

June 1, 1919. 

According to the observations of Dr. C. P. Gillette, State entomolo- 
gist of Colorado, the species inhabits the foothills of the Rocky 
Mountains, seldom straying far out on the plains, with the exception 
of down the Arkansas Valley in Colorado. Further details in 
regard to its distribution in that State are furnished on page 13. 

The known distribution of the bean ladybird in the United States 
is indicated in figure 2. 

DANGER OF FUTURE SPREAD. 

In regard to the future distribution of this pest it must again be 
compared with the Colorado potato beetle, first because of its ob- 
viously similar origin. It may have been introduced at an even 
earlier date than the latter, since the cliff dwellers in the region 
which the beetle inhabits in the United States included tepary beans 
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in their dietary. From an economic standpoint it is a potential pest 
of the type of the Colorado potato beetle and the boll weevil and it 
is singular that it has never migrated to any noticeable extent as have 
those pests, since it is probably capable of extended flights. One 
reason that may be assigned. for this is its practical limitation to a 
single food plant, while the potato-feeding insect infests virtually 
all of the Solanaceae, including the weeds, and is capable of breeding 

continuously on all species of Solanum and probably on other genera. 
There is no reason to suppose that this insect may not by flight in- 
crease its present range materially some time, although not neces- 
sarily in the near future. Its further dissemination, however, would 
doubtless be slow and never as rapid as in the case of the compara- 
tively fleet-winged and more adaptable Colorado potato beetle. The 
reasons, then, for its failure to have become more widely distributed 
are: Its limitation to a single food plant and its probable incapacity 
for protracted flight with the wind. Moreover, it is probably not 
capable of inhabiting such varied climates as is the Colorado potato 
beetle, a species which seems to have no respect for life zones but 
which thrives equally well from subtropical southern Texas to boreal 
Manitoba. 

In the case of the Colorado potato beetle it can not as yet be defi- 
nitely stated, as some authors have assumed, that it breeds wherever 
potatoes are grown, but it is perfectly capable of doing so, and it may 
be that in the course of time, many years undoubtedly, the bean lady- 
bird will be distributed wherever its food plant is cultivated.t 

Another factor which strengthens the behef that the bean ladybird 
will, in the course of time, become more widely disseminated is its 
very close relationship, both structurally and biologically, to the 
squash ladybird (2 pilachna borealis Fab.), which ranges from South 
America northward through Central America, Mexico, and the An- 
tilles, along the Mexican and Atlantic seaboard States to Maine and 
Canada. Obviously the squash-feeding species has a similar tropical 
origin, beginning farther southward and extending much farther 
northward. Instead of progressing straight northward it has fol- 
lowed more nearly the coastal lines and has a totally different distri- 
bution in the United States, being somewhat restricted to the East? 
just as the bean ladybird is restricted to the Middle West. 

The present distribution of this species as outlined in the map 
would indicate that we may expect its establishment some time in 
the future in near-by counties in the States of Utah, Wyoming, Ne- 

1The predacious ladybird Hippodamia convergens Guér. is capable of accommodat- 

ing itself to practically all climes and countries, with the exception of areas where the 

temperature is so high or so low that few forms of plant and insect life are able 

to survive. 

“It occurs, though not as a pest, in certain other regions remote from the region speci- 

fied, e. g., in Kansas and Arkansas. 
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braska, and Oklahoma, and later in southern California. There may 
_even exist a wider distribution than is now known in Texas, since the 
localities inserted on the map plainly show such a possibility. 

LIFE HISTORY AND HABITS. 

SEASONAL HISTORY. 

In the Arkansas Valley of Colorado, and in regions having a 
similar climate, two generations or “broods” of the bean ladybird 
develop annually. 

The winter is passed in the adult stage, the beetles hibernating 
under tufts of grass, weeds, old vines, rubbish, and similar material, 
in or about the fields and gardens in which they developed. The 
overwintered beetles emerge from their hibernating quarters about 
the middle of June and, after a brief interval of feeding, mate and 
begin to deposit eggs. 

The first eggs hatch in about a week and the adults of the first 
generation develop shortly after the middle of July. After an in- 
terval of a week or ten days eggs are deposited by the first genera- 
tion of beetles and from these the first adults of the second genera- 
tion develop. This occurs during the latter part of August or early 
September. A portion of the adults of the first generation and all 
those of the second generation deposit no eggs until June of the fol- 
lowing year. The beetles go into hibernation during the last days of 
September and the first of October and, as previously stated, remain 
dormant until about the middle of June of the succeeding year. 
_ It is somewhat remarkable that the beetles remain in hibernation 
during the last days of May and the first half of June when high 
temperatures, from 90° to 95° F., often prevail. 

The egg-laying period of the overwintered beetles, which includes 
individuals of both the first and second generations, extends from 
shortly after the middle of June unti about the Ist of August, 
although occasionally some of these beetles lve and deposit eggs 
throughout the summer. The egg-laying period of the beetles of the 
first generation which deposit eggs during the first season extends 
from soon after the middle of July until well into September. 
Reproduction, then, continues from about the middle of June until 
the beans are destroyed by killing frosts in late September or early 
October. The insects usually cause a maximum amount of damage 
during July and August. The larvee, especially those more than 
half grown, are voracious feeders and, as a rule, cause vastly more 
injury than do the beetles. 

REPRODUCTION AND DEVELOPMENT. 

The life-history studies of the bean ladybird were conducted in 
Colorado in an open-air insectary at Rocky Ford. The insects were 
confined in cloth-covered battery jars and fed on the foliage of 
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string beans. A pair of beetles which developed in late August, 
1914, mated August 29 and were isolated. These beetles commenced 
hibernation October 12, and on November 10 the rearing cage, con- 
taining earth and some dead bean leaves under which the beetles 
rested, was placed in the laboratory cellar. The cage remained in 
the laboratory cellar until May 20, 1915, when it was again placed 
in the open air. The beetles emerged from hibernation on June 15, 
and began feeding. The first eggs were deposited June 18, and 

- from this stock the species was reared for two seasons (1915 and 
1916) without a break. The record for 1915 is given in Table I 
and that for-1916 in Table II. 

TABLE I.—Generations of Epilachna corrupta in 1915. 

First Second 
Life-history event. generation generation 

issued. appeared. 

WA ULTSI CA VElO DOM ek me eer tes ee ee cri in ee ee eee Aug., 1914) July 19,1915 
MITSt CLAS GCEPOSi beds 322 Us esse jaca ee ss dogs Bee et Ree Soe eines aes ae June 18,1915 | July 30,1915 
HITST eC SPS aL Ch ed ss aman aoe See. Se teagan aac ee ae eeee Baas June 25,1915 | Aug. 5,1915 
SRLS Grleligyeo il VOL (lee. pars ae ee oe ce = Se ie Sere eee See ce July 12,1915 | Aug. 23,1915 
ins GAT yeei pu pate Gees 2 pak ee ose ee aa See eee eee a yee July 13,1915 | Aug. 24,1915 
PUTS GAC TELCS CE VEGlODEC Smee ee ae ee ee ee ree ee July 19,1915 | Sept. 1,1915 

. Days. Days. 
ISS ELI OG te cee wet os eee Sen eye iu els Dail: See oeee ase ee eee O Ree eae caer 7 6 
Marval Period owes Sao 3 cee toe Ban ceeay soe eee Spee ee ee Bates eee 18 19 
TEST fz) y oY 25 a (06 Lit assent sm Se, cm a ose oh Sear ene eS 6 8 

EDOUAI URS HON em pysteetea en eee ee Sc ee ae ee ae ee 31 33 

Taste II.—Record of the generations of Epilachna corrupta in 1916. 

First Second 
Life-history event. generation generation 

issued. appeared. 

| 

| Sept. 1,1915 
| June 18,1916 
| June 25,1916 
| July 10,1916 
| July 11,1916 
| July 17,1916 

Adults developed 
PHIT SOLES GLC DOSLLE Cinzia oo ai ae sapere nse sie oes ae tes eee ne ae eee 
MITSheses halteheds ssc tast osc ciacte Se ae ee lee ost oe me 1 ene 
First larvee matured 
First larve pupated....-.---. fotos 
irshadultside velo pediac.5 eee na ne sess nae ee eee Ree ae gee. ee 

July 17,1916 
July 30,1916 
Aug. 5,1916 
Aug. 21,1916 
Aug. 23,1916 
Aug. 31,1916 

Days. Days. 
Egg period....- 7 6 
Larval period 16 18 
BAU Dal MeTlOd sees st See ee 8 Sele te ke ee ee i See 6 8 

TOGA Ura tlON na os 22.202 Mesa ele Sate aaa eee eee ee eee 29 32 

The 19 beetles which developed September 1 fed until September 
23, when hibernation began. The cage was placed in the laboratory 
cellar November 10, 1915, and was removed to the open May 3, 1916. 

June 12, 16 beetles issued from hibernation, 3 having died during 

the winter, and began feeding. One pair mated June 13, and the 
record of the progeny is given in Table IT. : 

The female died September 9. The male went into hibernation 

October 5, and was later destroyed. In this case the egg-laying 
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THE BEAN LADYBIRD. 

Beetles beginning work on under surface of leaf. 
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THE BEAN LADYBIRD. 

Bean leaves showing injury by beetle. 
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THE BEAN LADYBIRD. 

Bean leaves skeletonized by the bean ladybird. Beetle above; pup& in middle; 
larva at left near bottom. Somewhat enlarged. 
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EGG MASS ON LOWER PORTION OF BEAN LEAF. Fia. 

LARV4Z AT WORK ON UNDER SURFACE OF LEAF. Fia. 2 

THE BEAN LADYBIRD 
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THE BEAN LADYBIRD. 

Pupz formed on injured bean leaf. 
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THE BEAN LADYBIRD. 

Cluster of bean leaves showing natural form of pupation on lower surface of leaf, and larva ready 
to transform on leaf at right, 



THE BEAN LADYBIRD. 9 

period extended from July 25 until September 2, a total of 40 days. 
With other females this period covered from 35 to 70 days. 
The life cycle from egg to adult and the periods of the stages by 
days are given in Tables III and IV respectively. 

TasLe III.—Life cycle of Epilachna corrupta. 

Event. Date. Event. | Date. 

: 1916. | 1916. 
pes depositedas==--9-=---a---' 2 -22-2-==- AUg SALON Plarvecymolbede saan... aaa ee = Aug. 30 
ILAN TED 10 110 0 ee ee ee ee Aug. 18 || Larvee reached maturity. ......-...--.--- Sept. 3 
Larvee molted....-.-.----- SEER eee Ame 210||sWanvycoypupaveda sees ope eee ee Sept. 5 
LLainVaS Tira) (ok eee See Sa ene Eee PATE 25 | ePA GUEST eVelO De Cae ene set ere nee Sept. 12 

TABLE LV.—Periods of stages of Epilachna corrupta. 

Number | Number Instar. of days. Instar. of days. 

| 
Hee periods: -=--=:-2- Pays ae a ee PS | S || Fourth larval stage period..........------ | 6 
First larval stage period. .<~...-.--.------ 34 etipaliperiodssa%eees Saas ae ee see 7 
Second larval stage period..-.-.--..------ 4 || Battie = sek 

Third larval stage period.........-.------ | 5 Bo tale ese ssere i srih eects yas ee 33 

The beetles which developed August 31 fed, without mating or 
depositing eggs, until October 5, when they began hibernation. No- 
vember 10, 1916, the cage was placed in the laboratory cellar and 
removed to the open April 17, 1917. The beetles issued from hiberna- 
tion June 15, 1917, and were then killed, closing the record. 

Records of egg-laying were obtained by confining single pairs of 
beetles, immediately after mating and before the first eggs were 
deposited, in small rearing jars. The beetles fed on bean leaves and 
the eggs were removed as deposited and counted. The number of 
eggs deposited by eight females of the first and second generations 
were: 504, 552, 616, 636, 850, 942, 1.147, and 1,516, respectively, or an 
average of 845 eggs to a single beetle. 
A detailed record of the female of one of these pairs of beetles, 

which developed July 17, 1916. and mated July 22, is given in 
Table V. 

TABLE V.—Lgg-laying record of a single female of Epilachna corrupta in 1916. 

Number Number 
Date. of eggs Date. of eggs 

deposited. deposited. 

1916 
OB SEAN BL Ses Na acto aay geen eee eye ReneS 56 
OO | Agate a a8 Bape eee eee ee SES 58 
OB | PART Bie Dee kent ae ee ee BN Cp ye bem OT 55 
50s SA e209) ob. ec wke een ORS Fey rr 52 
Oe | cA C826 meee st Ai ee a Rd A arora eco 52 
51 AURA DR beanie es eaeye ye RR WIS ola SL SS 54 
93) | WSCDURZ ance eerie nines a taee eee cnciceee 51 
52 | 
54 oh Nag ai Lh a Re a 850 

152117°—20— Bull. 843 2 



10 BULLETIN 843, U. S. DEPARTMENT OF AGRICULTURE. 

In experiments conducted in New Mexico by Merrill (21) the 

period of incubation was between 4 and 9 days. The duration of the 
larval stage was between 15 and 21 days. The pupal period was 
between 3 and 5 days, and the total developmental period lasted be- 
tween 22 and 28 days. 

HISTORY AND LITERATURE. 

The bean ladybird was described by Mulsant in 1850 (1) from 
Mexico as E'pilachna corrupta and its injuries were observed in New 
Mexico at about the same period. 

In 1883 Riley (4) published an editorial on this species with quo- 
tations from a letter from Prof. George H. Stone, which contains our 
first known account of the food and injurious habits of this insect. 
Attack by larvee and adults was observed on leaves and pods of wax 
beans at Colorado Springs, Colo., August 26, 1882. 

It was not until a lapse of six years that attention was called to 
further injury by this insect. At that time Judge J. F. Weilandy 
(5,6) wrote, July 23, 1889, of injuries at Springer, N. Mex., stating 
that this “bean bug” committed great depredations in bean fields, 
often destroying them entirely. The Mexicans had found that late 
planting, about the middle of July, acted as a preventive of its rav- 
ages. In a letter dated July 30, in the same year, he directed atten- 
tion to injury at Watrous, N. Mex., and stated that the pest had been 
known in that region for about 40 years. He also furnished speci- 
mens from which were recorded, editorially, the habits of two pre- 
dacious ladybirds, which will be mentioned later under “ Natural 
enemies,” of feeding on the eggs of this species. 

In 1892 Prof. C. P. Gillette (7) gave an account of this pest in 
Colorado, furnishing illustrations of the stages and manner of work. 

In 1897 Rev. Henry S. Gorham (8) considered this species with 
the Coccinellidae of Central America, indicating the synonymy, and 
the distribution in Mexico, Guatemala, and Panama, with notes on 

variation and colored illustrations of the adult and of the larva. 
In this year also Mr. H. Griffin (9) reported injury at San Juan, N. 
Mex. Judge Weilandy furnished a list of the varieties of beans 
affected and reported on the effectiveness of Paris green which, 
although it killed the beetles, destroyed the plants as well. 

In 1899 Col. Thos. L. Casey (11, p. 103) furnished a characteriza- 
tion of the beetle, comparing it with Z. borealis. In 1900 Cockerell 
(13) stated that this species was the * bane of bean growers in New 
Mexico, from Chicorico Cafon * * * to the Mesilla valley.” 
In 1902 A. N. Caudell (14) cited an instance of extreme injury to 
beans at Fort Collins, Colo., in 1901. The statement made by W. 
Knaus (15), in 1906, that this insect was damaging potato near 
Wootens, N. Mex., is, of course, incorrect. During 1907 Messrs. 
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Fall and Cockerell (16, p. 170) indicated by localities the distribu- 
tion in New Mexico. In 1913 Dr. A. W. Morrill (19) published a 
‘note on the distribution of this species in Arizona. In 1915 E. O. 
Essig (20, p. 219) stated that this species was “said to be found 
in California,” which is evidently incorrect as no definite locality is 
cited and the species is not known to breed in that State. During 
1917 D. E. Merrill (21) published the first comprehensive account of 
this insect, with especial regard to its occurrence in New Mexico, 
furnishing details in regard to injuries, life economy, and distribu- 
tion, and indicating methods of control. In most respects the results 
obtained in that State do not differ materially from those obtained 

in Colorado. 
Popular accounts of the bean ladybird were published by Gillette 

(10) in 1898, Sanderson (18) in 1912, and by the writer in 1899 
(12), 1907 (17, p. 109), 1917 (22, p. 28), and 1919 (23), as well as 
by others. 

UNPUBLISHED RECORDS. 

February 2, 1899, Mr. C. B. Metcalfe wrote of the bean ladybird 
and its injuries to the Mexican Bayo bean or frijole at San Angelo, 
Tom Green County, Tex. For many years prior to the date of 
writing growers had not succeeded in raising a crop of beans because 
of the ravages of this pest, which destroyed the plants by eating the - 
leaves. Metcalfe described the larva as a humpbacked yellow insect 
about one-fourth inch long and of the color of sulphur, with a hairy- 
looking covering which changed afterward to the hard-backed grown 
“bug.” He described the larva as destroying the green part of the 
leaves leaving only a thin tissue. During the same year Mr. James 
K. Metcalfe, Silver City, N. Mex., wrote that this species was quite 
injurious to beans in his vicinity, and furnished specimens in different 
stages. At this time, September 14, larvee were quite scarce, most of 
those sent having transformed to pupe. 

August 8, 1904, Oscar Liffreing, Bernardo, N. Mex., sent specimens, 
mostly pupe and newly developed beetles, with the report that they 
were devouring all of the early beans in that region. August 26 of 
the same year specimens were received from Mr. Liffreing, with re- 
port of injury to beans. July 26, 1905, Mrs. V. A. Armstrong re- 
ported injury to beans at Fort Collins, Colo., furnishing specimens of - 
larvee, and leaves and pods showing injury. 

September 6, 1908, F. H. Headley reported injury at Fort Collins, 
stating that this insect was doing a great amount of damage to the 
bean crop in that section. July 15, 1909, B. F. Morris, Santa Cruz, 
N. Mex., wrote as follows: “I am sending some chinch bugs, the in- 
sect which is working destruction to the bean crop here, and is now 

depositing its eggs.” During 1909 M. C. Stevenson, Espanola, 
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N. Mex., reported injury, July 24, to beans, furnishing samples of 
adults. August 11, M. A. Bishop reported injury at Tularosa, 
N. Mex. He wrote that for two years previously a small yellow bug 
covered with hairs had been eating the leaves of beans leaving noth- 
ing but a bare skeleton. Complaint was also made by Mrs. Katherine 
Courtney of injury to lima beans at Littleton, Colo. 
May 28, 1910, Elias Clark, Alcalde, N. Mex., stated that this insect 

was very destructive to beans in that vicinity. January 11, 1909, 
John Block, Santa Cruz, N. Mex., described the larve, adults, and 
the work of this species on beans, requesting a remedy. July 6, 
1915, Mrs. Ethel Mercer wrote from Denver, Colo., of little yellow 
larve which literally devoured the bean crop. They began on the 
leaves, and after these were gone they attacked the pods, as many as 
15 being noted on a pod. Before the beans began to bloom the 
same insect ate the leaves “ full of holes.” 

August 28, 1912, this species, according to Dr. A. W. Morrill, 
did considerable damage to beans at Prescott, Ariz. At that time it 
was abundant mostly in the pupal and adult forms. Between July 
and August of the following year, 1913, much damage was noted 
to pole beans at Cottonwood, Ariz. The insects practically ruined 
an entire field of about one-half acre. At that time full-grown larve 
and pup and a few egg batches and young larve were found. The 
hibernating adults had disappeared, only newly emerged, pale yellow 
adults being in evidence. 

October 13, 1916, W. E. Marble wrote in regard to the growing of 
Mexican beans in the Arroyo Animas Valley of New Mexico, stat- 
ing that the crop was greatly damaged by the larve of this lady-- 
bird which he described as of about the size of a navy bean, yellow 
in color, eating the leaves, and leaving only a network. This, he 
wrote, stops the growth of the plants and ultimately kills them. 
October 16, A. Warner, Sandy, Ariz., sent specimens, stating that 

the insect destroyed a crop in about 14 days, and that Paris green 
was ineffective. 

Complaints were made during the year 1917 of injury at Wheat- 
ridge, Brewster, Colorado Springs, Rocky Ford, Pueblo, Denver, 
and Boulder, Colo.; Santa Fe and East Las Vegas, N. Mex.; Flag- 
staff, Ariz.; and Alpine, Tex. The last report was from T. F. 

~ Blaine, dated October 31, and was aceompanied by specimens. D. E. 
_ Merrill also wrote of this species October 5, 1917, and of its oc- 
currence in the vicinity of El Paso, Fabens, and Clint, in the El 
Paso Valley of Texas. 

I’. M. Wadley, scientific assistant, stated June 21,1918, that the bean 
ladybird occurred at Wichita, Kans., but was more abundant in the 
western part of the State. August 6, Thomas H. Hudson complained 
of injury by this species to beans at Colorado Springs, Colo. 
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During January, 1919, A. E. Mallory, scientific assistant, wrote in 
regard to the occurrence of this species at Greeley, Colo., that he had 
observed the beetles feeding on the underside of the leaves of the 
mammoth soy bean (Soja hispida) in that vicinity. The previous 
December he found the beetles hibernating under a pile of bean vines. 
Until the receipt of this last record the species was believed to feed 
exclusively on table beans. 

February 11, 1919, W. A. Williams, Venus, N. Mex., reported in- 
juries by this species to pinto beans in that vicinity. Failure to 
obtain rain was ascribed as one of the causes of injury. Mr. Wil- 
liams stated that “on beans these little ‘bugs’ eat the leaves full of 
holes and damage the crop considerably.” During January and 
February a number of other complaints were made of injury by this 
species in New Mexico and Colorado. Other complaints of injury, 
unaccompanied by specimens, and requests for information in regard 
to methods of control have been received from other sources, notably 
Parsons, Kans., Jemez Springs and Nogal, N. Mex., Griffith, Colo., 
and Kirkland, Ariz. 
-April 3, 1919, the State entomologist, Dr. C. P. Gillette, collabora- 

tor, wrote in regard to the occurrence of this species in Colorado as 
follows: 

We have records of this species from the points which you mention and 

others near them, and also from Nucla, in the Paradox Valley, Montrose 

County ; from Cortez, in Montezuma County; and from rear Greeley, in Weld 

County. It seems likely that the infestations in the southwestern part of the 

State are from New Mexico. It has seemed very strange to me that this 

beetle keeps so close to the foothills, never going out far upon the plains, except 

down the Arkansas Valley. The beetle was abundant here when I first arrived 

at Fort Collins, 28 years ago, and it apparently has never occurred as far east 

as Greeley, about 24 miles from the foothills. I have found it to be a species 

about equally abundant every year, although there is some fluctuation in num- 

bers. It was very bad last year in the northern section, from Pueblo to Fort 

Collins, along the eastern foothills, and extended a few miles into the plains. 

Writing on this species September 2, 1919, Mr. Fabian Garcia, hor- 
ticulturist, New Mexico Agricultural Experiment Station, State Col- 
lege, N. Mex., stated that this insect is a serious pest in New Mexico, 
particularly in the older bean-growing sections, and that it causes 
the bean growers there a lot of trouble and expense. He expressed 
the opinion that the losses could be materially reduced by properly 
spraying. 

NATURAL CONTROL. 

EFFECT OF CLIMATIC CONDITIONS. 

Cold weather appears to be the most important natural check to 
the development of the bean ladybird in Colorado. This insect is a 
southern species which apparently has not become fully adapted to 
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northern climates. This is not a theory but is based on facts. It is 
indicated by the fact that many eggs, larvee, and pupe occur so late 
in the fall that they are killed by freezing. Many larve starve be- 
cause the foliage of the bean plants on which they had been feeding 

was destroyed by early fall frosts. It 
is also not uncommon to find many 
dead adults in their hibernating quar- 
ters where they had been killed by 
winter temperatures. 

NATURAL ENEMIES. 

The insect enemies of the bean lady- 
bird are, as far as has been learned, not. 
particularly effective in holding it in 
abeyance. The beetles are well pro- 

Ete dr—The avespotted ladybird’ tected by. ther firmselytra-or winovcon= 
(Hippodamia 5-signata), an 5 

enemy of the bean ladybird. ers and by a repellent yellow liquid 
Hnlat eed: which oozes from their knee joints in 

small drops when the insects are disturbed. This liquid possesses a 
disagreeable odor and doubtless a similar flavor, which, it is believed, 

may protect the beetles from the attacks of natural enemies. 
June 27, 1916, two overwintered female beetles were collected at 

Rocky Ford, Colo., each with the egg of a tachinid fly attached to 

one of itselytra. One of these beetles 
died September 4, and the other Sep- 
tember 9. Fertile eggs were depos- 
ited at frequent intervals from June 
299 until September 5, and no 
parasites developed. This is the only 
evidence noted of insect parasites. 

Morrill has reported an undeter- 
mined ant observed eating the eggs 
on one occasion. 

The adults of three species of pre- 
dacious ladybirds are known to be 
natural enemies of this insect. They 
are: The convergent ladybird 

: , lic. 4,—Transverse-spotted lady- 
(Hippodamia convergens De G.)3  pira (Coccinella  transversogut- 

the. five-spotted .dJadybird (2/ippo- , *#im= Sdule beetle 
‘ ° a larged. 

damia 5-signata Kby., fig. 3), and 

the transverse-spotted ladybird (Coccinella transversoguttata Fab., 
fig. 4). 

These have been reported as destroying the eggs of the bean lady- 
bird, and next to cold are the most effective known factors in its 
natural control in Colorado and neighboring States. 
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The first species occurs in abundance throughout the country and 
is our most useful ladybird, having been transported from one part 
of the country to another and to foreign countries. The other two 
are commonly found in the region inhabited by the bean ladybird, 
but more especially in the middle Northwest. Both species, how- 
ever, extend their range to Washington and Oregon. 

The larve are apparently well protected from insect enemies by 
the branched spines with which the body is armed. In one case, 

~ however, the larva of a lacewing fly (CArysopa sp.) was observed 
sucking the juices from a partially grown Epilachna, larva. 
No insect enemies of the pupa and no fungous or other disease have 

been observed to affect the living insect in any stage. 

PREVENTIVE MEASURES. 

HAND PICKING AND BRUSHING. 

The bean ladybird is difficult to control. In small gardens hand- 
picking the eggs, larve, and adults has given satisfactory results, 
The greatest measure of success has come from gathering and destroy- 
ing the overwintered beetles soon after their emergence from hiberna- 
tion and before they have had an opportunity to deposit eggs. The 
beetles, being sluggish like the Colorado potato beetle, are readily 
hand picked. 

Another method which has afforded some degree of success consists 
in brushing the larvee from the foliage to the earth between the rows. 
This can be accomplished by striking the plants with the bare hand, 
with a bunch of weeds, or with a paddle fashioned for the purpose 
from a shingle. If the brushing is done during dry hot weather 
very few, if any, of the larve are able to return to the plants. 

CLEAN CULTURAL METHODS. 

With the knowledge that the adults of the bean ladybird pass the 
winter under old vines, tufts of grass, weeds, and other useless mate- 
rial, the numbers of beetles may be materially reduced by burning 
in late fall or early spring all rubbish of this nature along ditches 
and fence corners and in similar locations. Everything possible 
should be done to destroy these winter quarters, as their destruction 
will afford a considerable measure of protection from injury, if done 
by a community year after year. 

EARLY AND LATE PLANTING. 

Proper attention to the time of planting will prevent considerable 
injury by this as well as many other species of insect pests. 
By planting earlier than usual this can be accomplished, as well 

as by planting considerably later, or as late as a crop can be assured. 
Since the overwintered beetles do not begin to feed until very late, 
planting early will accomplish much, enabling the plants to make 
such good growth that insect damage coming late may be immaterial. 

Late planting should be so timed that the plants will come up after 
the overwintered beetles have about ceased feeding and, at the same 
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time, early enough to secure a good crop before frost time. No 
definite time can be assigned for early or late planting for the entire 
range of this species; it is a matter for the growers themselves to 
determine. Community work’ should accomplish much along this 
line, in determining both the times for planting and the effect of 
this method. 

It has been suggested that early planting be practiced in a com- 
munity for a series of years and then late planting for a year or two 
succeeding this. 
W hater can be done toward lessening the number of insects in a 

community during a given year will have a correspondingly greater 
effect for the coming season. 

DIRECT MEASURES OF CONTROL, 

EXPERIMENTS WITH INSECTICIDES. 

Numerous spraying experinents were made with arsenate of lead, 

Paris green, arsenite of zinc, and nicotine sulphate. The experi- 
ments were eandueted on moderately infested plots of string beans.. 
The spray was apphed to both the upper and lower surfaces of the 
leaves with a portable compressed-air sprayer, fitted with an exten- 

sion rod, elbow, and disk-type nozzle having a fine aperture. 

ARSENATE OF LEAD. 

Arsenate of lead was applied at the rate of 14, 2, 24, and 3 pounds: 
in powdered form in 50 gallons of water. The spray adhered well 
and evenly to the foliage, but the effect was very uncertain on the 
bean foliage as was also the killing effect on the insects. The injury 
from burning varied greatly with the age and tenderness of the 
plants, the older, tougher foliage usually escaping appreciable in- 
jury, while on the younger, more tender plants the burning effect was. 
serious, especially where the stronger doses were applied. 

In summing up the experiments in spraying with powdered arse- 
nate of lead the results were so uncertain that one is hardly justified 
in recommending this insecticide as a reliable agent for controlling 
the bean ladybird on string beans. 

One experiment was made with arsenate of lead paste at the rate 
of 6 pounds to 50 gallons of water. This burned the beans so 
badly that they were almost completely destroyed. Most of the 
larvee were killed, but the majority of the beetles escaped injury. 
This test indicates that paste arsenate of lead is even more in- 
jurious to bean foliage than the powdered form, and that the killing 
effect on the adults of the bean ladybird is equally uncertain. 

In experiments conducted by Merrill (21) in New Mexico pow- 
dered arsenate of lead was used at the rate of 2 and 24 pounds to 50 
gallons of water without damage to the plants. Most of the beetles 

1The tests herein mentioned were conducted with standard or acid lead arsenate. 

Neutral (diplumbic or triplumbic) lead arsenate, in experiments at Washington, 1). C.,. 

applied at standard dosage, caused no injury to bean foliage. 
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left these plants at once. Larve hatching from eggs deposited before 
the application of the poison were also killed where they fed on 
sprayed leaves. The older larvee, however, appeared to die of star- 
vation rather than from eating the poisoned foliage. 

_ ARSENITE OF ZINC. 

Experiments were made with powdered arsenite of zinc at the 
rate of 1 pound to 20, 30, 40, and 60 gallons of water, respectively. 
The burning effect on the foliage was in all cases less than where 
arsenate of lead or Paris green was applied, and usually a larger 
proportion of the insects was killed. The burning was most ap- 
parent about the margins of the holes made in the leaves by the in- 
sects in feeding. Many larve died after eating the poisoned foll- 
age, but, as with the other arsenicals, the effect on the beetles was 
uncertain. All factors considered, the most promising results were 
obtained with zinc arsenite at a strength of 1 to 40. This caused 
comparatively slight burning and killed an appreciable number of 
the insects. It should not be overlooked, however, that the killing 
of the beetles is uncertain and that the burning effect on the plants 
will vary greatly with their age and tenderness. It is probable that 
Mexican beans, with relatively tougher foliage, would show less 
injury from burning than the more tender-leaved string beans 
treated in these experiments. Zinc arsenite in experiments con- 
ducted in New Mexico by Merrill at the rate of 2 pounds to 50 
gallons of water produced practically the same results as powdered 
lead arsenate. 

PARIS GREEN. 

Experiments were made with Paris green at the rate of 1 pound 
to 60 and to 80 gallons of water. As a result of these tests the 
beans were destroyed by burning due to the presence of free arsenic. 
Most of the larve were killed, but many of the beetles escaped. In 
the face of these results, Paris green at these strengths can not be 
recommended as a means of controlling the bean ladybird. Every- 
one who has tried Paris green has experienced the same failure. 
Sodium arsenite is at least equally dangerous. 

SUMMARY OF SPRAYING EXPERIMENTS. 

The experience of entomologists in spraying with arsenicals in 
Colorado and New Mexico tends to show that arsenate of lead acts 
largely as a repellent rather than as an insecticide, which is true 
also of its effectiveness in the case of such other pests as the striped 
cucumber beetle. 

Bordeaux mixture, which has come to be considered a standard re- 
pellent against flea-beetles, should be tested against the bean lady- 
bird in the future. 

+ Powdered lead arsenate at the rate of 5 pounds to 50 gallons of water was no more 
effective but did no damage to the plants in experiments made. It should not be used at 
this strength. 
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Additional experiments are necessary with arsenate of lead and 
arsenite of lime, alone and in combination with Bordeaux mixture. 

NICOTINE SULPHATE INEFFECTIVE 

In another series of experiments larve about one-fourth grown 
were sprayed with nicotine sulphate at the rate of 1 ounce to 2, 4, and 
6 gallons of water, respectively. The larvee apparently were pro- 
tected by their spines and the applications were in all cases abso- 
lutely ineffective. The only noticeable effect was that the larve ap- 
peared somewhat stupefied for a brief interval. 

COOPERATION. 
In the control of this pest, as with so many others which are dif- 

ficult to destroy, combined effort on the part of the bean growers 
of the community is essential to success. Whatever can be done in 
cooperation to lessen the numbers of this insect in one season is felt 
the next season and if it were rigidly continued would mean the 
eventual saving of the crop. 

SUMMARY OF CONTROL MEASURES. 
In the light of our present knowledge the best methods of con- 

trolling the bean ladybird may be summarized as follows: 
(1) For small gardens and similar areas hand pick the over- 

wintered beetles as soon as possible after they emerge from hiberna- 
tion. 

(2) Brush the larve, or young, from the plants during hot, dry 
weather. 

(3) Spray with arsenite of zinc, at the rate of 1 pound to 40 or 
1} pounds to 50 gallons of water, or with arsenate of lead 1 or 2 
pounds (powder) to 50 gallons of water. 

(4) Clean up the fields by removing dead grasses, weeds, and other 
possible hibernating quarters during the fall or winter months, and 
destroy them by burning, or by simply burning over the fields when 
this practice can be safely followed. 

(5) Early and late planting should be practiced. No specific time 
can be indicated for this that would apply to the entire region which 
the insect inhabits, and it is more satisfactory for the growe”s to work 
out this problem for themselves. 

(6) In the case of large areas of beans, close inspection is strongly 
recommended. Infestation usually begins in small, localized areas,, 
and if these infested spots are located and prompt measures, as indi- 
cated in the preceding paragraphs, are taken to destroy the insects. 
a general infestation can be prevented. 

GENERAL SUMMARY. 

The bean ladybird is a serious pest on beans of all kinds, includ- 
ing the soy bean, in Colorado, New Mexico, Arizona, and western 
Texas. It frequently destroys entire crops and the conservative es- 
timate of the annual losses incurred is placed at 10 per cent of the 
crop. This insect feeds normally on the leaves, and attacks also the 
young pods and occasionally eats into the blossoms. The beetles feed 



THE BEAN LADYBIRD. 19 

chiefly on the upper surface, cutting irregular holes in and through 
the leaves, while the larve feed on the lower surface and skeletonize 
the leaves, seldom cutting through them. 

The adult is a robust beetle, about one-fourth inch in length, of 
oval outline, pale brown, with each wing-cover marked with eight 
small black spots. The larva is light yellow and armed with 

branched spines. 
The yellow eggs are deposited from about the middle of June 

until August on the lower surface of the leaves, in clusters of 40 
or more, and sometimes to the number of 1,500 by a single female. 
The larve feed at first in colonies, but with larger growth scatter 
and become more or less solitary. The life cycle may be passed in 
summer in from 22 to 
30 days; the eggs 
hatch in from 4 to 9 
days; thelarval period 
is between 15 and 21 
days; and the pupal 
period varies from 3 
to 6 days. In colder 
weather, however, 
these periods are 
longer. Two genera- 
tions or “broods” are 

_ produced annually. 
Cold weather in late 

autumn has the effect 
of destroying the in- 
sects, and their eggs Z : j gra ve GP 

are also destroyed by Fic. 5.—Traction sprayer with nozzle arrangement for 

three species of pre- side spraying, of type useful for spraying beans for 
the bean ladybird. 

dacious ladybirds. 
In the control of the bean ladybird preventive measures are the 

most efficient, consisting of hand picking and brushing from the 
plants, clean culture, and early and late planting. Arsenicals possess 
some killing properties, but in the main act as repellents. Spraying 
with arsenate of lead, 1 or 2 pounds (powder), and with arsenite of 
zinc, 1 to 1} pounds (dry), to 50 gallons of water, are the most prom- 
ising. Bordeaux mixture, 44-50 formula, should be used alone and 
in combination with these arsenicals. Additional tests must be made 
with these substances to ascertain the most effective and economical 
combination that may be applied to the bean plants without scorching 
or burning the leaves. 

For the treatment of large areas infested by the bean ladybird, a 
traction sprayer with nozzles arranged for side spraying of the type 
shown in figure 5 is useful. Owing to the danger of scorching bean 
foliage, it is desirable that an up-to-date sprayer should always be used. 
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THE BEAN LADYBIRD IN COLORADO IN 1919. 

By A. E. Mattory, Scientific Assistant. 

LIFE-HISTORY RECORDS. 

Hibernating adults of the bean ladybird which had passed the 
winter successfully began to appear in Colorado in 1919 about the 
middle of June, the first individuals having been found June 16 
feeding on beans. A week to 10 days later they began to deposit 
eggs on the underside of the leaves in clusters.of about 40 or more. 
About 2 weeks later, July 9 and 10, the eggs hatched, and the tiny 
yellow larvee commenced to feed in a colony near the egg cluster. As 
they grew older they became separated and did not necessarily con- 
fine their feeding to the underside of the leaf. As the season ad- 
vanced, they fed on every part of the plant, blossoms and pods in- 
cluded. The larve were present in all stages from the first ap- 
pearance until at least September 10. On July 22, which was 10 
or 12 days after the eggs had hatched, pupz were found. During 
the early part of the season, when foliage is plentiful, pupation takes 
place on the underside of the leaf. In case the foliage has been 
extensively destroyed pupation may take place on either side of the 
leaf or on both sides, 25 to 30 pupe on a single leaf being not un- 
common. As many as 100 on a single leaf were reported in a case 
where infestation was heavy. This congregating at the time of pupa- 
tion seems to be characteristic of the species. Pupz were observed on 
other plants near beans when the foliage of the beans was almost 
destroyed. 

On July 28 adults of the first brood were observed, and by July 30 
they were numerous, gradually imcreasing in number until about 
September 1 when they seemed to reach their maximum numbers. 
The first-brood adults are much lighter in color than the hibernating 
individuals, being a bright yellow at the time of emergence. They 
gradually become darker, and at hibernating time some are dark red- 
dish brown, almost if not entirely as dark as the hibernating indi- 
viduals. Eggs deposited by this new brood were observed August 
28 and September 2. It is possible that eggs were deposited by this 
brood earlier than these dates. 
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There is no definite place in the life history of this species to 
separate the different broods. Apparently there are two broods or at 
least a partial small second brood for this locality. “The fact that 
larvee were observed in all stages of development during the entire 
season would suggest two broods. Further, the fact that first-brood 
adults began issuing rather late, and that so few egg clusters were 
found in late August and September, would-suggest only a partial 
second brood. 

SUMMARY FOR 1919. 

Hibernating adults appeared_=--------___- so Dae ony oe i eee ORM A a June 16. 

Beetles present. in large numbers by -2-_ 2) - 2 2 June 25. 

Beetles began-depositins esses... =e ee June 25. 

Hees pecan hatching 24 ov - See et ee a eee July 10. 

Larve began: to transiorniao pupes-—- 2-2 e2 ee ee ee July 22. 

AGUIESTOL fLTSt SCNerablOn) 1SSUCU === Ss See July 28. 

August 28, 
Egg clusters, second brood, found_____-_-_-___-_-___-__-___-_____. 

September 2. 

Maximum numbers first-brood adults observed____-_-----_-_-____ September 1. 

Aaults bevan to.become sluggish 22 Sess 2 ee September 10. 

Maximum damage accomplished____________-_-_______# August 1 to September 1. 

Second-brood eggs were probably deposited, but not observed, before August 28. 

INJURY. 

The bean ladybird so far as observed confines its feeding to beans, 
and when taken on other plants is never found feeding. The 
variety of beans seems to make no particular difference as to sus- 
ceptibility to attack. The adults do not attack the very young 
plants to any considerable extent. This fact is probably due to the - 
small number of hibernating individuals. Furthermore, the over- 
wintering adults do not concentrate their attack, but move from plant 
to plant. Thus the damage is less noticeable. Although the adults 
usually eat entirely through the leaf, they often merely scrape the 
surface, leaving a network of veins plainly visible. Later in the 
season as the foliage begins to die they attack the pods, sometimes 
completely riddling them, but usually eating out small spherical 
holes here and there along the pod. In the case of canning beans 
this injury may cause considerable loss, while on seed beans it is not 
so serious. 

The percentage of injury by a number of adults is small as com- 
pared to that caused by an equal number of larvee. The larve begin 
their attack on the leaves, invaribly feeding at first on the underside. 
Instead of eating through they scrape the surface, leaving the skele- 
ton of the leaf in plain view, although with continued feeding in a 
limited space they may riddle the foliage. 
Maximum damage occurred in this locality during the month of 

August. This is the period when the new adults are feeding along 
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with the larve, and the two broods of larve overlap. Damage was 
generally worst near fences, along ditch banks, and on beans receiving 
an extra amount of water by accident or seepage. 

There is a large area in northeastern Colorado devoted to farming 
and stock raising. This area is known as the Greeley District. 
Beans of all varieties are grown quite extensively. Several thousand 
acres are planted to beans every year. A conservative estimate of 
the damage done to the whole bean crop in that district during the 
season of 1919 by the bean ladybird is about 5 per cent. This esti- 
mate at first may seem rather small, but the majority of fields were 

infested lightly or not at all. In the second place a few fields were 
more heavily infested than the adjacent or neighboring fields. In 
those fields coming under our observation the damage by /pilachna 
corrupta varied from an estimated 25 per cent to 65 per cent. One 
field in particular, of about 15 acres, was damaged at least 65 per 
cent if not 75 or 80 per cent. No remedial measures were applied 
in this case. 

CONTROL. 

In some of the small truck patches the attack of the bean ladybird 
was controlled by hand picking. In view of the distribution of the 
damage, as stated, clean farming or destruction of winter quarters 

is suggested as an important measure of control. . 
As to remedial measures, all possibilities were not worked out. 

On July 10 when the first larvee were observed, the following sprays 
were tested on large plots in a 9-acre field. Right-angle mist-produc- 
ing nozzles were used. Approximately 80 per cent of the leaves were 
covered on one side or the other, the remainder varying from a small 
amount to none at all. The foliage was heavy. 

Experiment No, 1.—Lead arsenate, powder, was used at the rate 
of 2 pounds to 50 gallons of water, with 2 pounds of hydrated lime 
added. Very little if any damage was noted from the spray. A 
few dead larve were found. 

Experiment No. 2.—Wead arsenate, paste, was used at the rate of 

23 pounds to 50 gallons of water. No damage to the plants was 
noted. 

Ezperiment No. 3—Zinc arsenite, paste, was applied at the rate 

of 2 pounds to 50 gallons of water. This strength caused no dam- 
age to the plants. 

Experiment No. 4.—Bordeaux mixture, alone, formula 3-6-50, 
was applied to a plot. No damage was done to the plants. This 
application seemed to be as effective as any of the foregoing during 
the earlier part of the season, but this plot showed a greater maxi- 
mum damage after August 1 than did any of the others. The re- 
mainder of the field and a second field of 21 acres were sprayed with 
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the same material and formula as number 1, viz, 2 pounds of lead 
arsenate, 2 pounds of hydrated lime, and 50 gallons of water. 

Observations following these applications revealed a few dead 
larve. To locate dead larvee was a difficult matter. Our opinion is 
that many were killed at the first feeding. If not killed then or 
very soon after, they fed to maturity. Up to August 1 all remedies 
tried seemed to be equally effective, the amount of damage to the 
plant being about the same for each plot. Undoubtedly these in- 
secticides held the beetles and larve in check. The 9-acre field had 
an unusually large number of hibernating beetles. After August 
1 the damage seemed to increase quite rapidly, and was worse on 
the Bordeaux plot than on any of the others. A small unsprayed 
plot was entirely destroyed, most of the injury here being done 
before August 1. 

A second spraying two weeks later, about July 25, might have 
almost if not entirely controlled the attack. 

In A. B. Owen’s field of 9 acres, where spraying experiments 
were conducted July 10 and 11, the estimated damage was 12.5 per 
cent. It is believed that approximately 65 per cent of the larvee 
hatching before July 25 must have been killed by the lead arsenate 
or zine arsenite. The number of adult beetles found in this field 
in early July undoubtedly was large enough to have damaged the 
crop to the same extent as in the special field mentioned above. 
This experiment, while not of the type anticipated, demonstrates 
that the attack of this species can be controlled. by the use of either. 
lead arsenate or zinc arsenite. 
A second spraying between Fuly 25 and August 1 is recommended 

as very promising in controlling the insect, since it is at about this 
time that the second brood begins to appear. The two broods 
overlap, and the damage they do begins to increase very rapidly from 
this time on. 

The combination spray consisting of Bordeaux mixture and an 
arsenical is also a promising experiment. Undoubtedly the Bordeaux 
mixture, in case it proves a repellent against this insect, will serve 
as an important fungicide. It will add very little to the expense 
of spraying, and will possibly increase the yield several bushels per 
acre by controlling minor fungous diseases. 
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Part I—POLLINATION STUDIES OF SEED PRODUCTION. 

UNSATISFACTORY YIELDS OF SWEET-CLOVER SEED. 

In some sections of the country much trouble has been experienced 
for a few years past in obtaining satisfactory yields of sweet-clover 
seed. This difficulty has been due for the most part to the following 
causes: (1) To cutting the plants at an improper stage of develop- 

153321°—20—Bull. 844 —1 



2 BULLETIN 844, U. S. DEPARTMENT OF AGRICULTURE. 

ment, (2) to the use of machinery not adapted to the handling of the 
crop, (3) to the shedding of immature pods, and (4) possibly to the 
lack of pollination. As the first two have been overcome, mainly 
because of a better understanding of the requirements for handling 
this crop, the subject’ matter of this bulletin is concerned primarily 
with the factors which produce the third and fourth causes. . 

Where the production of seed was disappointing although the 
plants produced an abundance of flowers, it has been observed 
that many apparently were not fertilized, or if fertilized the pods 
aborted. In order to obtain data in regard to the causes of the 
failure of sweet clover to produce a normal seed yield, a study was 
made of the insects which were most active in pollinating the flowers, 
the source of the pollen necessary to effect fertilization, and the 
conditions under which the flowers must be pollinated in order to 
become fertilized. The relation of environmental conditions to the 
shedding of immature pods was also investigated. In order to 
overcome local environmental factors as much as possible, the 
experiments were conducted on the Government Experiment Farm 
at Arlington, Va., and in cooperation with the botanical department 
of the Towa State College at Ames, Iowa. 

PREVIOUS INVESTIGATIONS OF THE POLLINATION OF SWEET CLOVER. 

Since Darwin (4, p. 360) published the statement that a plant of 
Melilotus officinalis protected from insect visitation produced but a 
very few seeds, while an unprotected plant produced many, other 
scientists have investigated this subject. Knuth (19, v. 1, p. 37), in 
giving a list of the best known cases of self-sterility in plants, men- 
tions Melilotus officinalis. The same author (19, v. 2, p. 282) states 
that since the stigma projects beyond the anthers, automatic self- 
pollination is difficult, and for the same reasons Miller (29, p. 180) 

believes that self-fertilization is not apt to occur. 
In 1901 Kirchner (18, p. 7) covered a number of Melilotus alba 

racemes with nets. On one of the plants 12 protected racemes 
produced 187 seeds and on another plant only one seed was obtained 
from 10 covered racemes. This experiment was duplicated in 1904, 
with the result that 40 netted racemes produced an average of 38 seeds 
each. Kirchner concluded from this experiment that spontaneous 
self-pollination occurs regularly even though the stigma projects 
above the anthers. He (18, p. 8) also performed an experiment with 
Melilotus officinalis in 1901. At this time 16 isolated racemes pro- 
duced a total of 11 seeds. This experiment was repeated in 1904, 
with the result that 16 protected racemes produced an average of 14 
seeds each. As the racemes on one of the plants that was protected 

1 The serial numbers in parentheses refer to ‘‘ Literature cited,’’ pages 36-38. 
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in 1904 died, Kirchner concluded that the flowers of M. officinalis 
were especially sensitive to inclosure in nets and that the failures to 
obtain more than a very few seeds on protected racemes in Darwin’s 
experiment and in his first experiment were due to this cause. 

According to Kerner (17, v. 2, p. 399) the peas and lentils (Pisum 
and Ervum) and the different species of horned clover and stone 
clover (Lotus and Melilotus) as well as the numerous species of the 
genus Trifolium and also many others produce seeds when insects 
are excluded from the plants, and only isolated species of these 
genera gave poor yields without insect visitation. 

OUTLINE OF POLLINATING EXPERIMENTS. 

The yield of sweet-clover seed varies greatly from year to year in 
many parts of the United States. It has been assumed that this 
variation was due to climatic conditions, as excellent seed crops were 
seldom harvested in seasons of excessive rainfall or of prolonged 
drought just preceding cr during the flowering period. The lack of 
a sufficient number of suitable pollinating insects also was thought 
to be an important factor in reducing seed production. This was 
especially true where the acreage of sweet clover was large and where 
few, if any, honeybees were kept. 

In order to obtain data upon the factors influencing the yield of 
seed, a series of experiments was outlined to determine (1) whether 
the flowers are able to set seed without the assistance of outside agen- 
cies, (2) whether cross-pollination is necessary, (3) the different kinds 

of insects which are active agents in pollinating sweet clover, and (4) 
whether a relation exists between the quantity of moisture in the soil 
and the production of seed. 

The racemes containing the flowers which were to be pollinated by 
hand were covered with tarlatan before any of the flowers opened and 
were kept covered except while being pollinated until the seeds were 
nearly mature. This cloth has about twice as many meshes to the 
linear inch as ordinary mosquito netting and served to exclude all 
insects that are able to pollinate the flowers. When entire plants 
were to be protected from all outside agencies, cages covered with 
cheesecloth, glass frames, or wire netting were used. 
A preliminary study of the pollination of Melilotus alba and M. 

officinalis showed that both were visited by the same kinds of insects 
and that both required the same methods of pollination in order to 
set seed. On this account J. alba was used in most of the experi- 
ments reported in this bulletin. Where WM. officinalis was employed 
it is so stated. 
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STRUCTURE OF THE FLOWERS OF MELILOTUS ALBA. 

The racemes of Melilotus alba contain from 10 to 120 flowers with 
an average of approximately 50 per raceme for all of the racemes of 
a plant growing under cultivation in a field containing a good stand. 

Fic. 1.—Different parts of the flower of Melilotus alba: 1, Side view of the flower; 2, side view of the flower 

with the carina and ale slightly depressed; 3, side view of the flower, showing the carina and ale de- 

pressed sufficiently to expose the staminal tube and the tenth free stamen; 4, ala; 5, ale and carina 

spread apart to show their relative position and shape; 6, flower after the petals have been removed, 

showing in detail the calyx and staminal tube; 7, the staminal tube split open to show the relative size 

and position of the pistil. a, Ale; b, vexillum; c, carina; d, calyx; ¢, stigma; 6, anthers; g, tenth free 

stamen; h, digitate process of the superior basal angle of an ala; i, depressionsjin the ala; j,staminal 

tube; k, pistil. 

The flower consists of a green, smooth, or slightly pubescent calyx 
with 5-pointed lobes and with an irregular white corolla of five petals. 
(Fig. 1.) The claws of the petals are not united nor are they attached 
to the staminal tube which is formed by the union of the filaments of 
the nine inferior stamens. As the claws of the ale and carina are not 
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attached to the staminal tube, the petals may be bent downward 
sufficiently far so that many different kinds of insects may secure 
without difficulty the nectar secreted around the base of the ovary. 

The fingerlike processes of the ale are appressed closely to the 
carina, therefore the ale are bent downward with the carina by 
insects. These processes grasp the staminal tube superiorly and 
tightly when the carina and ale are in their natural positions, but 
when the carina is pressed downward by insects the fingerlike proc- 
esses open slightly but not so far that they donot spring back to their 
original position when the pressure is 
removed. The staminal tube splits 
superiorly to admit the tenth free 
stamen. The filament of this superior 
stamen lies along the side of this 
staminal tube. The filaments of the 
ninestamens which compose the stami- 
nal tube separate in the hollow of the 
carina. All stamens bear fertile an- 
thers. The pistil is in the staminal 
tube, the upper part of the style and 
stigma of which is inclosed with the 
anthers in the carina. The stigma 
is slightly above the stamens. 

An insect inserts its head into a 
sweet-clover flower between the vexil- 
lum and carina, the stigma, therefore, 
comes into direct contact with the 
head of the insect and cross-pollination 
is effected. At the same time the an- 
thers brush against the insect, so that 
its head is dusted with pollen, to be 
carried to other flowers. 

Fig. 2.—Lengthwise sectional view of a very 

young flower of M clilotus alba, showing the 
relative development of the stamens and 

pistil. In the upper set of stamens the di- 

visions of the mother cells are completed, 

while division is just beginning in the 

lower set of stamens. In the ovules the 

outer integuments are wellstarted on their 

development. a, Anther; 0, ovule; p., 
pistil. x38. 

DEVELOPMENT OF THE FLORAL ORGANS OF SWEET CLOVER. 

The stamens of Melilotus alba and M. officinalis may be divided 
into two sets, according to their length and time of development. 
(Fig. 2.) The longer set extends about the length of the anthers 
above the shorter set, and the pollen mother wellle § in the longer set 
divide to form pollen grains at least two days earlier than fecen in 
the shorter set. At the time the pollen mother cells divide, the 
longer set of stamens is approximately three-eighths of a millimeter 
in length and the pistil about half a millimeter long. The stigma 
and a portion of the style project beyond the stamens, and this rela- 
tive position is maintained to maturity. The pollen mother cells 
undergo the reduction division while the megaspore mother cells are 
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just being differentiated and while the outer integuments are barely 
prominent at the base of the nucellus. The pollen grains are formed 
while the embryo sac is beginning to develop. The division of the 
megaspore mother cell does not occur until a number of days later, 
and the embryo sac is not mature until the flower is nearly ready to 
open. Thus, the pollen grains are formed a week to 10 days before 
the embryo sac is ready for fertilization. The pollen grains increase 
in size and undergo internal changes after their formation. These 
changes, which are not completed until the flower is one-half or more 
of its mature length, may be regarded as the ripening processes, and 
they are undoubtedly necessary before the pollen is capable of func- 

‘ tioning. Tor this reason it is probable that the pollen grains are not 
able to function much before the embryo sac is mature. 

The pistils of Meli- 
lotus alba and M. offic- 
inalis are straight for 
the greater part of 
their length, but curve 
rather abruptly toward 
the keel just below the 
capitate stigma. The 
surface of the stigma 
is papillate. (Fig. 3.) 
In their reaction with 

Fic. 3.—Stigma at the time of pollination, showing its papillate Sudan ITT, alkanin, and 
character and the position of the pollen in reference to the papilla safranin the walls of 
in pollination. 175. . = 
ee ea the papille of the stig- 

ma show that some fatlike substances are present. Aside from water, 
the contents of the papille consist chiefly of a fine emulsion of oil. 

DEVELOPMENT OF THE OVULES. 

The number of ovules in the ovary of Melilotus alba varies from 
two to five; however, most commonly, three or four ovules occur. 

In Melilotus officinalis the number in each ovary ranges from three 
to six. In both species the ovules are campylotropous at maturity 
with the micropylar end turned toward the base of the ovary. 

Mature ovules contain two integuments, but the inner one does 
not close entirely around the end of the nucellus. The outer integ- 
ument develops considerably ahead of the inner one. The outer 
integument is much thickened at the micropylar end, the seed coat 
is formed from it, and the inner integument is used as nourishment 
by the endosperm and embryo. 

The number of megaspore mother cells in an ovule varies from 
one to many. ‘Two or more embryo sacs often start to develop in 
the same ovule, but seldom more than one matures. (PI. I, figs. 1, 
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2, and 3.) In general, the development of the embryo sac proceeds 
- in the ordinary way, as described by Young (44, p. 133), with the 

inner megaspore functioning. (Text fig. 4 and Pl. II, fig. 1.) In its 
development the nucellus is destroyed rapidly, the destruction being 
most rapid first at the micropylar end proceeding backward. The 
nucellus is completely destroyed at the micropylar end by the time 
the embryo sac is mature, and consequently the embryo sac comes in 
contact with the outer integument in this region. (Pl. I, fig. 1.) 
As the destruction of the nucellus extends toward the chalazal end 
the embryo sac becomes much elongated and tubelike. The antip- 
odals disappear early, so that a mature embryo sac consists of the 
ego, the synergids, and the two polars. The two polars lie in contact 
in the micropylar end of 
the sac near the egg until 
fertilization. 

STERILITY OF THE OVULES. 

In Melilotus alba and M. 

oficnalis there is very 
little tendency toward 
sterility of ovules. In an 
extended study of ovules 
developing under normal 
and under excessive mois- 

ture conditions only an 
occasional one was found 

in which no reproductive 
cells were differentiated, 

and no ovaries were found Fig. 4.—Median section through an ovule, showing the embryo 
in which all of the ovules 82¢ with four nuclei and the position of the integuments. 

were sterile. oe 

DEVELOPMENT OF THE POLLEN. 

The pollen mother cells do not separate, but previous to the reduc- 
tion division the protoplasm shrinks from the walls, thus forming a 
dense globular mass which often occupies less than half the lumen of 
the mother cell. (PI. I, fig. 4.) Nuclear division occurs while they 
are in this contracted condition, and four nuclei are formed from two 
successive divisions. The cytoplasm is equally distributed around 
each nucleus. The four masses of protoplasm separate, and as they 
enlarge a number of times and develop into mature pollen grains they 
become binucleate, and a wall is gradually formed around each. 
(Pl. I, figs. 5 and 6.) At first the cytoplasm is quite dense and con- 

_ tains some starch but no fatty oils. However, the cytoplasm of 



8 BULLETIN 844, U. S. DEPARTMENT OF AGRICULTURE. 

mature pollen grains is vacuolate, and it contains a fatty oil in the 
form of an emulsion. Soon after the pollen grains are formed, the 
walls of the mother cells disappear, thus permitting the pollen grains 
to lie loose in the anther. 

FERTILIZATION IN MELILOTUS ALBA. 

The time intervening between pollination and fertilization was 
investigated with both self-pollinated and cross-pollinated flowers. 
In cross-pollination the parents. were separate plants. This point 
was investigated with plants out of doors during the summer of 1916 
and with plants in the greenhouse during the following winter. The 
time elapsing between pollination and fertilization ranged from 50 to 
55 hours and was not longer in the case of self-pollinated than with 
cross-pollinated flowers. Furthermore, the rate of the development 
of the embryo in each kind of pollination was studied and was found 
to be as rapid in self-pollination as in cross-pollination. Therefore, 
self-pollination is apparently as effective as cross-pollination in 
Melilotus alba so far as the vigor of pollen tubes and the rate at which 
embryos develop are concerned. Melilotus officinalis was not studied 
in reference to this point. 

Considerable difference often exists in the size of the young embryos 
in the ovules of the same pod. This is due in part to a difference 
in the time of fertilization, although some of it is due to a difference 
in nourishment. It was observed that the ovule first fertilized 
might be an upper one, lower one, or any one between these. Occa- 
sionally one or more ovules are not fertilized. 

DEVELOPMENT OF THE SEED. 

A proembryo with a rather long suspensor is developed from the 
fertilized egg. (PI. II, fig. 2.) The endosperm, which quite early 
forms a peripheral layer around the entire embryo sac, develops most 
rapidly about the embryo, which soon becomes thoroughly embedded 
in it. (Pl. III, figs. 1 and 2.) After the embryo has used up the 
endosperm in the micropylar end and has enlarged so much as to 
occupy nearly all of the space in this region, the development of the 
endosperm becomes more active in the chalazal end, and when the 
embryo is mature there is very little endosperm left. 

The seed coat begins to form about the time of fertilization, 
although it apparently does not depend upon it, for in ovules where 
fertilization is prevented the outer integument undergoes the early 
modifications in the development of the seed coat before the ovule 
breaks down. The development of the seed coat is apparent first at 
the micropylar and chalazal ends, where the outer cells of the outer 
integument become much elongated and their outer walls thicken — 
very soon after fertilization. The modifications in the development 
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DEVELOPMENT OF THE OVULES AND POLLEN IN SWEET CLOVER. 

Fic. 1.—Section through the nucellus ofan ovule of Melilotus alba, showing two megaspore mother cells. 
360. Fic. 2.—Median section through an ovule of Melilotus alba, showing the two cells resulting 
from the first division of the megaspore mother cell, and the relative development of the different 
parts of the ovule. 300. Fia. 3.—Section through the nucellus ofan ovule of Melilotus alba ,show- 
ing two embryo sacs, one being more advanced than the other. 360. Fic. 4.—Protoplasm of the 
pollen mother cellof Melilotus alba contracted and ready toundergodivision. 560. Fic. 5.—Pollen 
grains of Melilotus alba just formed, showing their dense cytoplasm and the presence of the mother- 
cellwall. 560. Fic. 6.—a, Mature pollen grain of Melilotus alba, showing the binucleate condition 
at the time of shedding; b, surface view. 560. 
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Fig. 1.—MEDIAN SECTION THROUGH AN OVULE OF MELILOTUS ALBA. 

The embryo sac is shown ready for fertilization. The egg and synergids are in contact with the 
outer integument at the micropylar end. The remains of the antipodals may be seen at the 
chalazalend. 180. 

Fic. 2.—SECTION THROUGH AN OVULE OF MELILOTUS ALBA, ABOUT THREE 
Days AFTER FERTILIZATION. 

The proembryo, the endosperm, and modifications of the integuments are shown. At this stage 
the suspensor isa prominent part of the proembryo, and the endosperm is most abundant around 
the embryo. The inner integument is being rapidly destroyed, and the outer integument is 
beginning to form the seed coat, asisindicated by the modifications in the outer layer ofitscells, 
which are elongating and thickening their outer walls. 33. 
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Fic. 1.—SECTION OF AN OVULE OF MELILOTUS ALBA AFTER FERTILIZATION. 

The stage of development is a little later than that shown in Plate II, figure 2. The embryo is 
embedded deeply in endosperm tissue. 45. 

FIG. 2.—SECTION THROUGH AN OVULE OF MELILOTUS ALBA AFTER THE EMBRYO 
IS NEARLY HALF MATURE. 

But little endosperm remains except in the chalazal end, and very little remains of either the 
nucellus or inner integument.: The modifications which transform the outer integument into a 
seed coat are well under-way. Not only the outer layer of cells-which becomes the Malpighian 
jayer is cuits well modified, but also the layer beneath is being transformed into the osteosclerid 
ayer. X30. 



Bul. 344, U. S. Dept. of Agriculture. 
PLATE IV. 

STUBBLE OF MELILOTUS ALBA. 

These plants, which were cut 12inche
s above the ground during rainy we

ather, had made a 40 to 42 inch 

growth. The stubble became infected at the top and the light-colored portions
 of them were killed by 

disease, thus checking the water supply to the growing branches above the infection. 
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of the seed coat extend around the ovule from these points, involving 
at first only the outer or epidermal layer of cells which form the 
malpighian layer. Later, the cells just beneath the malpighian layer 

form the osteosclerid layer. Accompanying or closely following the 
formation of the osteosclerid cells, the remaining cell layers of the 

outer integument become modified into the nutritive and aleurone 

layer, and the seed coat is fully formed. Meantime the inner integu- 
ment is practically all used as food. 

MATURE POLLEN OF SWEET CLOVER. 

The pollen grains of Melilotus alba and of M. officinalis are quite 
similar. Each grain contains three germ pores, and when viewed 
so that the pores are visible they present aslightly angled appearance. 
The average dimensions of the pollen of Melilotus alba and of IM. offici- 
nalis are 26 by 32 microns and 24 by 30 microns, respectively, when 
measured in the positions shown in } in Plate I, figure 6. 

The walls of the pollen grains have cutin deposited in them, as 
shown by their reactions with Sudan III, alkanin, safranin, and 
chloriodid of zinc. The contents of the pollen grains give a distinct 
reaction when tested for fat, and Millon’s reagent shows that also 
some protein is present. Tests for sugars and starch showed that 
these substances are not present in perceptible quantities in mature 
pollen grains, although some starch is present in immature pollen. 

GERMINATION OF THE POLLEN. 

The germination of the pollen of Melilotus alba permits considerable 
variation in moisture, as is illustrated in Table I. 

Taste I.—Germination of the pollen of Melilotus alba in water and in solutions of 
cane sugar of different strengths. 

Cane sugar in solution (per cent). 

Melilotus alba Pure z a gee water 
8 12 18 24 30 30 45 55 

Germination of pollen.......--..--.. percent..| 33 23 64 46 60 46 31 22 0 

The results given in Table I represent the average of 12 tests. 
Some of the pollen grains burst in pure water and.in the weak cane 
sugar solutions, the percentage of bursting being greatest in pure 
water and decreasing as the percentage of sugar in the solution was 
increased. There was considerable variation in the percentages of 
germination in both water and in the solutions of different strengths, 
and at times there was very little bursting which was not accompanied 
by a high percentage of germination. The pollen tubes grew as 
rapidly in water as in any of the sugar solutions, some reaching a 

153321°—20—Bull. 844-2 
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length of 100 microns in six hours. As the pollen tubes made no 
more growth in the solutions of sugar than in water, it is evident 
that the sugar is not used as food, but helps in germination by reducing 
the rate at which water is absorbed. 

To judge from Table I, the pollen of sweet clover can be effective 
not only under ordinary conditions but also when the flowers are 
wet with rain or dew or when the stigma is so dry that in order to 
obtain water from the papille the pollen must overcome a high resist- 
ance offered by the sap of the papille, a resistance that may be 
equal to the osmotic pressure of a 45 per cent solution of cane sugar. 
This is in accord with results obtained under field conditions, as 
flowers that were pollinated while rain was falling set seed satisfac- 
torily, indicating that a high percentage of humidity in the atmosphere 
does not check the germination of the pollen sufficiently to interfere 
with fertilization. Neither was the setting of seed affected when the 
soil about the roots of plants was kept saturated with water, showing 
that the excessive quantity of water in the stigmas resulting from an 
abundance of water in the soil did not interfere with the fertilization 
of the flowers. 

No definite counts were made of the germination of the pollen of 
Melilotus officinalis in the solutions of cane sugar of different strengths, 
but observations show that the moisture requirement of the pollen 
of this species is approximately the same as that of Melilotus alba. 

CROSS-POLLINATION AND SELF-POLLINATION OF SWEET CLOVER. 

Results published by previous investigators on the cross-pollina- 
tion and self-pollination of sweet clover do not agree. The experi- 
ments of Darwin (4) show that the flowers are self-pollinated to 

only a small extent. On the other hand, Kirchner (18) and Kerner 
(17) find that self-pollination occurs generally and that cross-polli- 
nation is not necessary for the production of seed. However, all 

investigators agree that many different kinds of insects are able to 
pollinate sweet clover. 

Because of the diverse opinions as to the pollination of sweet clover, 
a number of experiments were conducted to determine (1) whether 
insect Visitation was necessary to pollinate the flowers, (2) if neces- 
sary, whether the flowers must be cross-pollinated, and (3) what 
insects are active agents as pollinators of sweet clover. 

ARTIFICIAL MANIPULATION OF SWEET-CLOVER FLOWERS. 

Experiments were conducted to determine, if possible, the effect 
of various types of artificial manipulation of sweet-clover flowers 
when in full bloom on the production of seed. Only healthy, vigor- 

1The writers wish to acknowledge their indebtedness to Mr. Carl Kurtzweil for assistance in conducting 

part of the field experiments at Ames, 
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ous plants growing on well-drained soil were selected for these ex- 
periments. Before any of the flowers were open, the individual 
racemes were covered with tarlatan and labeled. (Fig.5.) Assoon 

as part of the flowers opened, the racemes were uncovered and after 
remoying all flowers that were not open the open flowers were polli- 
nated and the racemes re-covered. If the flowers of sweet clover 
‘are not fertilized they will remain open for two to three days, then 
wither, andinashort time drop. But after being fertilized the ovules 

Fic. 5.—Individual racemes of white sweet clover covered with cheesecloth to protect them from insect 

visitation. 

enlarge very rapidly, and the corollas usually drop in about seven 
or eight days. Therefore, all fertilized flowers can be distinguished 
a few days after fertilization has taken place. Counts were made of 
the number of pods which formed in 10 to 12 days after pollination. 
An outline of the experiments is given in Table II. 

TasiEe I1.—Treatment of sweet-clover flowers in the artificial-manipulation experiments. 

; F 
Experiment. Method of pollinating the flowers. 

I SCOR OR eee eae Check—covered. 
Besse es Lae a Check—open to insect visitation at all times. 
Chet eaesaerueemere A separate toothpick was used to spring the keel of each flower on the raceme. 
1D) eae gS ae a One toothpick was used to spring the keels of all the flowers on a raceme. 
TOE ees Tins ea Be Cross-pollinated. 
1D SUS pease SSE Se Raceme rolled several times between thumb and finger. 
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As insects, and especially honeybees, usually visit all recently 
opened flowers on a raceme, experiments C and D were conducted to 
determine whether more seed would be produced when pollen from 
other flowers on the same raceme was placed on the stigmas of the 
flowers than when only the pollen produced by each flower was placed 
on its own stigma. The effect of pollination when only the pollen 
produced by an individual flower was placed on its own stigmas was 
also obtained in experiment F, as by this method of pollination no 
pollen was transferred from one flower to another. It can not be 
stated definitely that the seed produced by the cross-pollinated 
flowers was the result of fertilization with foreign pollen, as the 
anthers were not removed from the flowers pollinated because it _ 
would be necessary to remove the anthers when the flowers were not 
more than two-thirds mature, and in doing this the flowers would be 
so mutilated that only occasionally would pollination at this time 
or at a later date be effective. The flowers listed in experiment E 
were pollinated a short time before they opened, and in each case 
pollen taken from flowers of other plants was placed on the stigmas. 
The petals of the cross-pollinated flowers were not mutilated, and 
in each case they returned to their original positions soon after polli- 
nation. The results obtained in experiment B, where the racemes 
were simply labeled and left open to the action of insects at all times, 
serve for comparison with other experiments where the flowers were 
protected from insect visitation and were artificially manipulated. 

Martin (25) found the setting of alfalfa seed and Westgate (40) 

found the setting of red-clover seed to be affected by an excessive © 
quantity of moisture in the soil or atmosphere. In order to over- 
come the possible effect of this or of other detrimental factors, in 
each experiment only the flowers on a certain number of racemes 
were pollinated at one time. All of the experiments were repeated a 
number of times during the months of July and August, 1916, and 
the results given in Table III show the total number of flowers polli- 
nated and the number of pods that formed during the two months. 

The results presented in Table III show that flowers fertilized 
with pollen transferred from another plant produced a higher per- 
centage of pods than any of the other treatments. The results ob- 
tained in experiment D, where the same toothpick was used to 
spring the keels of all the flowers on a raceme, show that this method 
of pollination produced an average of 7.24 pods per raceme more than 
the racemes in experiment C, where a separate toothpick was used 
for each flower. These results indicate that pollen transferred from 
one flower to another on the same raceme is more effective than when 
the pollen produced by an individual flower is used to fertilize its 
own stigma. However, the results of experiment C prove that self- 
pollination is effective in Melilotus alba. In experiment B, which 
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was the open check, 4.3 per cent more flowers set seed than on the 
racemes where the same toothpick was used to spring all the keels, 
but 11.57 per cent more seed was obtained than in experiment C. 
Spontaneous self-pollination occurs to only a very small extent, as 
will be seen from the results of experiment A, in which an average of 
only 2.9 per cent of the flowers set seed. 

Taste IIlI.—EHffect of different types of artificial manipulation on the seed production 
of sweet clover at Arlington, Va., and at Ames, Iowa, in 1916. 

eae | Flowers that set 
Total number of— seed (per cent). 

; Experi- za 2 
Location. arith | 

Racemes.) Flowers. | Pods set. | peach Average. 

PAT IM OTOME ee reinch ol naio cs cies dae cee ote se A 49 3,510 144 4.1 2.9 
(CSS 5o SSA GOCE RS Rete arise cetera Aare tae A 84 4,536 92 2.0 re 

PAINTS tOMre ese seen ose ete. Sosa tes | B 100 5,599 3, 973 70. 95 66.51 
ASTIRE.. 68564 Be SEER aae eo eae Sean B 196 1,276 600 47. 02 \ Be 

PAIN COM gery ese onic spice eeneein alae rece C 50 1, 229 701 57. 03 54. 94 
PAT CSP eee a eta e emt oae gene ee C 75 289 133 46. 02 : 

ATS bOM nee tor seis am See Se D 50 1, 480 936 63. 24 
Worcs ee a D 88 575 342| 59.47 \ 62. 18 

JNU OL OS Galea se le ae ees ree ene) Sa E 31 377 307 81. 43 
J STRES sc Shes ae ee ae ae i ee E 48 175 80| 45.72 \ eae 

PAINT OMP eee nea eo a ee SER F 30 933 524 O62 Gh See as 

SEED PRODUCTION OF MELILOTUS ALBA UNDER ORDINARY FIELD 

CONDITIONS. 

The production of seed of Melilotus alba under ordinary field con- 
ditions varies considerably, not only in different parts of the country 
but also on different fields in the same region. A number of factors 
contribute to this variation, one of the most important of which 
appears to be the inability of the plant to supply all the developing 
seed with sufficient moisture, causing some of them to abort. As 
pointed out on page 22 this condition was very marked in certain 
parts of the country in 1916. However, poor seed production is 
not always correlated with lack of moisture, for the seed crop was a 
failure in 1915, where cloudy and rainy weather prevailed much of 
the time the plants were in bloom. It is believed that the lack of 
pollination by insects was the principal cause for the failure of séed to 
set, as very few insects visit sweet-clover flowers when such condi- 
tions prevail. As sweet-clover pollen will germinate in pure water 
and as plants which have their roots submerged in water set seed 
abundantly when pollinated, the failure of the seed crop in 1915 was 
not due to excessive moisture. 

As a rule, thin stands of sweet clover produce more seed to the 
acre than thick stands and isolated plants more seed than those 
growing in either a thick or thin stand. The correlation of seed 
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production with the thickness of stand is probably due to the shading 
and partial prevention of insect visitation to part of the racemes on 
the lower branches. Most of the flowers upon the lower branches 
of isolated plants are directly exposed to sunlight and to insect visits; 
therefore the racemes on these branches produce as large a percent- 
age of seed as the racemes on the upper branches. In. a thick 
stand, little seed is produced by racemes on the lower branches. 
A plant approximately 3 feet high growing close to the center of a 

field at Arlington, Va., in which was an average stand of four sweet- 
clover plants to the square foot was selected in order to determine 
the number of racemes produced and the average number of seeds 
to the raceme. This plant produced 196 racemes, which contained 
an average of 20.4 pods each. The racemes varied from 2 to 10 cm. 
in length, and the number of pods to the raceme ranged from 0 to 75. 
The racemes on the upper and most exposed portions of the plants 
were larger and the flowers produced a much higher percentage of 
pods than the racemes close to the bases of the larger branches. 
Many of the small racemes on the lower branches produced less than 
five pods each. 

The data obtained from the two plants at Arlington that were 
protected from night-flying insects may also be cited here, as the 
results of that experiment show that night-flying insects are not an 
important factor in the production of sweet-clover seed, and, further, 
because they were growing under the same conditions, in the same 
plat, and were approximately of the same size. These two plants 
produced a total of 544 racemes, with an average of 20.9 pods each. - 
The number of pods to the raceme varied from 0 to 86. 

EFFICIENCY OF CERTAIN KINDS OF INSECTS AS POLLINATORS OF SWEET 
CLOVER. 

In order further to test the self-sterility of sweet clover and to de- 
termine the relative efficiency of night-flying and of different 
kinds of day-flying insects as pollinators of the flowers, a number of 
cages covered with cheesecloth, glass, or wire screen having 14 
meshes to the linear inch were placed over plants at Arlington, Va., 
and at Ames, Jowa, in July and August, 1916. The bases of the. 
cages were buried several inches in the ground, so that insects could 
not pass under them. Cheesecloth was used to cover most of the 
cages and was made into sacks of such a size that they could be put 
on or removed from the frames of the cages without difficulty. It 
was stretched tightly over the frames and fastened to their bases 
with laths. 
A cage having two sides and the top of glass but with ends covered 

with cheesecloth to permit ventilation was used at Ames to protect 
a number of plants from insect visitation at all times. The purpose 
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of this cage was to determine whether the partial shading of the 
plants in the cages covered with cheesecloth would have any effect 
upon the setting of seed. 

The cage covered with wire netting having 14 meshes to the linear 
inch was used to determine the efficiency as pollinators of sweet 
clover of insects so smail that they could pass through openings of 
this size. 

The plants used in the experiments at Arlington were growing 
close to the center of a field of sweet clover. Volunteer plants in a 
field that contained only a scattering stand were used at Ames. The 
cages were placed over the plants in all of these experiments before 
any of the flowers opened, and the work was continued until they 
were through blooming. 

PLANTS SUBJECT TO INSECT VISITATION AT ALL TIMES, 

A plant subject to insect visits at all times and growing in the same 
plat as those inclosed in the cages at Arlington was selected as a 
check to those inclosed in the cages during their entire flowering 
period or for only a portion of it. This plant, which was in bloom at 
the same time as those inclosed in the cages, produced 196 racemes 
with an average of 20.4 pods each. As all of the racemes were col- 
lected and as those on the lower portions of the plant were smaller 
than those on the upper branches, the average number of seeds per 
raceme is much lower than it would have been if only the larger 
racemes had been collected. 

An isolated plant that was subject to insect visits at all times was | 
selected for a check to the cage work conducted at Ames. This was 
necessary in order to get results that would be comparable with those 
obtained from the plants inclosed-in the cages, as the cage experi- 
ments at Ames were conducted with isolated plants. The plant pro- 
duced 239 racemes, with an average of 41.6 pods. 

PLANTS PROTECTED FROM INSECT VISITATION DURING THEIR ENTIRE FLOWERING 

PERIOD. 

On July 3, 1916, a cage 3 feet square and 34 feet high, covered with 
cheesecloth, was placed over three sweet-clover plants at Arlington. 
(Fig. 6.) This cage was not opened until August 3, when practically 
all of the racemes had passed the flowering stage and the few seeds 
that formed-on some of them were practically mature. The three 
plants inclosed in the cage produced 904 racemes, with an average 
of 0.63 pod each. No pods were produced on 594 racemes, while 150 
produced but one each. None of the racemes produced more than 
five pods. 
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This experiment was duplicated at Ames in August, 1916, with the 
result that the three protected plants produced a total of 776 racemes, 
with an average of 0.19 pod each. 

The plants inclosed at Arlington produced 0.44 pod to the raceme 
more than the plants inclosed at Ames, and the average for the six 
plants at Arlington and at Ames is only 0.42 pod to the raceme. 
Results given below for nine plants inclosed in the glass-covered cage 

show that the pods 
produced per raceme 
by different plants 
varied from 0.1 to 
0.45, which is slightly 
less than the varia- 
tion in the two cages 
covered with cheese- 
cloth. 

In order to deter- 
mine whether the 
shading of the plants 
in the cheesecloth- 
covered cages had 
caused the produc- 
tion of seed to be re- 
duced, a cage 4 feet 
wide, 4 feet high, and 

Fic. 6.—Cage covered with cheesecloth to protect plants from insect 10 feet long 9 haying : 

visitation. glass sides and top, 
but with ends covered with cheesecloth to permit ventilation, was 
placed over nine plants at Ames in August, 1916. The results 
obtained in this experiment are presented in Table IV. 

TasLE IV.—Production of sweet-clover seed by plants protected from insect visitation 
during their entire flowering period at Ames, Iowa, in 1916. 

| 

| Average Average 
Racemes eds ae number Racemes | Fee number 

Plant. | per ie all of pods Plant. per by all | 0fpods 

plant. racemes. | cal plant. | racemes. to EES 

| 

IN OS erin See. Zee 84 17 Os20U INO Tee Sos eee 119 13 0.10 
INOS 2a see achenoe ee 130 58 Ae INOS, Seen So ei ees 182 83 45 
INGR Spacer ae ase eee 166 30 .18 IN Of Ose ase eee 340 142 41 
NOU 4 ee iret te eee a 199 88 44 | . 
INOMD eee oes 243 ali 14 | Notalienassa 1,594 502" |e. sSecese 
INO}. Gi eeeeee ene 131 36 27 A-VeTages. 2.22 |i: 32 soas5| soeereemee 31 

| | 

The results given in Table IV show that an average of 0.31 of a 
pod to the raceme was obtained from 1,594 racemes and that the 
variation in seed production of the different plants was from 0.1 to 
0.45 to the raceme. The average seed production for the nine plants 
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is 0.11 seed to the raceme less than the average results obtained from 
_the six plants that were covered with cheesecloth. As this difference 
is well within the limit of variation for individual plants, it may be 
stated that the shading of the plants in the cheesecloth-covered cages 
did not reduce the production of seed. The results of this experiment 
show that spontaneous self-pollination does not occur regularly, as 
stated by Kirchner. 

FLOWERS POLLINATED ONLY BY NIGHT-FLYING INSECTS. 

In order to determine the importance of night-flying insects as 
pollinators, two cheesecloth-covered cages 3 feet square and 34 feet 
high were placed over sweet-clover plants at Arlington on July 10, 
1916. The covers of the cages were removed each evening at 7:30 
and replaced each morning at 4:30 o’clock. Practically all the 
flowers on these plants had bloomed by August 2, and the seed pro- 
duced was nearly mature. The few racemes that contained opened 
flowers or buds were discarded. The three plants in one cage pro- 
duced 723 racemes, with an average of 3.76 pods each, while the one 
plant in the other cage produced 227 racemes, with an average of 
3.58 pods to the raceme. The four plants, therefore, produced a 
total of 950 racemes, with an average of 3.71 pods each. The only 
night-flying insect found working on sweet clover while these plants 
were in bloom was Diacrisia virginica Fabr. 

This experiment was duplicated at Ames in August, 1916, with the 
result that one plant subject to visitation only by night-flying insects 
produced 486 racemes, with an average of 16.5 pods each. 

The resuits obtained in these experiments show that night-fiying 
insects were much more active in pollinating sweet clover at Ames 
than at Arlington. However, as the results obtained from the plants 
subject to visitation by day-flying insects only were practically the 
same as those obtained from plants which were subject to insect 
visitation at all times, it is concluded that night-flying insects were 
not a factor in the pollination of sweet clover at Arlington or at Ames 
in 1916. 

FLOWERS POLLINATED ONLY BY DAY-FLYING INSECTS. 

A cheesecloth-covered cage, 3 feet square and 34 feet high, was 
placed on July 7, 1916, over two sweet-clover plants at Arlington, 
before any of the flowers opened. As the cover of this cage was 
removed at 7.30 a.m. and replaced at 4.30 p. m. each day during the 
experiment, the plants were subject to visitation by day-flying 
insects only. Assoon as all of the flowers on most of the racemes had 
bloomed, and before any mature pods shattered, the racemes were 
removed from the plants and the pods produced by each raceme 
counted. The two plants produced a total of 544 racemes, with an 
average of 20.9 pods each. 

153321°—20—Bull. 8443 
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This experiment was also conducted at Ames. One plant was 
protected from insect visitation at night in August, 1916, with the 
result that it produced 418 racemes, with an average of 41.11 pods 
each. 

PLANTS PROTECTED FROM ALL INSECTS THAT COULD NOT PASS THROUGH A WIRE 
SCREEN HAVING 14 MESHES TO THE LINEAR INCH. 

It is well known that many small insects, and especially those 
belonging to the family Syrphidz and to the genus Halictus, frequent 

sweet-clover flowers, but no records have been noted that show how 

important these insects are as pollinators of this plant. In order to 
obtain data on this subject a cage 12 feet square and 63 feet high, 
made of wire screen having 14 meshes to the linear inch, was placed 
over a few plants at Ames, in July, 1916, before they began to bloom. 

The base of the cage was buried several inches in the soil, so that no 
insects could get into it. As these plants were growing in a field 
where there was a sufficient supply of moisture at all times, they made 
a growth of 5 to 6 feet. For this reason all the racemes were collected 
from only a portion of one of the plants instead of from the entire 
plant, as was done with the smaller ones inclosed in the cheesecloth- 
covered cages. The branches selected contained 224 racemes, with 
an average of 24.53 pods each. Many insects that were able to pass 
through the wire netting were observed working on the flowers of the 
inclosed plants. 

A check plant, subject to visitation by all insects and growing 
within a few yards of the cage, contained 264 racemes, with an average 
of 28.23 pods each. 

This experiment shows that small insects are efficient pollinators 
of sweet clover and that the plant to which all insects had access 
produced an average of only 3.7 pods to the raceme more than the 
one inclosed in the cage. As these plants were growing close to a 
strip of timber and some distance from a field of sweet clover, it is 
probable that more small insects worked on the flowers than would 
have been the case if the cage had been located in the center of a 
field of sweet clover. Though these results show that small insects 
are able to pollinate sweet-clover flowers freely, it is very doubtful 
whether insects of this kind would be numerous enough to pollinate 
sufficient flowers in a large field of sweet clover for profitable seed 
production. ‘The honeybee is the most efficient pollinator of this 
plant, and it is believed that in many sections it is responsible for the 
pollination of more than half of the flowers. 

SUMMARY OF INSECT-POLLINATION STUDIES. 

The data secured in the different experiments where sweet-clover 
flowers were subject to insect visitation at one time or another are 
presented in detail in Table V. 
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TABLE V. Gianni of the insect pollination studies conducted at Arlington, Va., and 
Ames, Iowa, in 1916. 

Number of— 

Num- 
Location. pet of Method of treatment. Pods | Pods per 

plants. Racemes.| pro- | raceme, 
duced. | average. 

STAN G C030 Ie read ener | 1 | Check—subject to insect visitation at 196 4,013 20.47 
all ve 

INTO as ee are ae ile | erent COP aioe sent eee Ee ROE secre aces 239 9,943 41.60 
PAIR UO ars See Sy oes 3 Protected froma lIMSeCtSe ae ese = 904 577 63 
eS, 3 Ets ee ee ae 14 5S ee (0) ate ans ae esha sa eteA panes 2,370 653 = PH 
PATA nS 3 Visiied a night- -flying insects only 723 2,720 3.76 

(cag i 
DO) aa Sele ia ee erie 1 Visited by night-flying insects only 227 152 | .67 

(cage 2). | 
DANITTSS ange nse Sheen on ase NSS 1 Visited by night-flying insects only.. 486 8, 024 16.51 
PARTING OME 3). Sey es ciao 2 | Visited by day-flying insects only -..-. 544 11, 397 20.95 
ARTOIS SN Se a OES le peal a Lae ese COM oe an Sees ESN Ce 418 17, 186 41.11 

Oe eee ae 9 | Protected from all insects.-..-.-.-.... 1,594 =7502 oad! 

The results in Table V show that an average of 0.37 pod to the 
raceme was obtained from the plants protected from visitation by all 
insects during the flowering period. As the racemes of Melilotus 
alba will average appr an deanticlee 50 flowers each, less than 1 per cent 
of them set seed without being pollinated by insects. The results 
obtained in the cages in which ol night-flying insects had access to 
the flowers show that these insects pollinate sweet clover to a slight 
extent, but that the number of pods produced by them is so few that 
it may be assumed that these flowers would have been pollinated by 
day-flying insects. This assumption is borne out by the results 
obtained in the cages where only day-flying insects had access to the 
flowers, as the results obtained in these cages at Arlington and Ames, 
respectively, are approximately the same as those obtained on the 
plants subject to insect visitation at all times. It will be noted that 
the yield of seed on the plants visited by insects at Ames is much 
higher than that of the plants subjected to insect visits during the 
same period at Arlington. This difference in seed yield may be 
attributed to the fact that isclated plants were used in the experi- 
ments at Ames, and at Arlington the experiments were conducted 
with plants growing under field conditions. 

RELATION OF THE POSITION OF THE FLOWERS ON MELILOTUS ALBA 

PLANTS TO SEED PRODUCTION. 

Observations of sweet-clover plants grown under cultivation, and 
especially when the stands were thick, showed that the flowers of the 
racemes on the upper and exposed branches produced a larger per- 
centage of seed than those on the lower branches which were less 
exposed. Itis thought by some that the failure of the flowers on the 
lower racemes to be fertilized is due to shading; but the results ob- 
tamed in the cheesecloth and glass covered cages do not warrant this 
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belief, as it is doubtful whether the shading of the flowers on the 
lower racemes is more than that caused by the cheesecloth. It is 

probably the lack of pollination that causes this decrease in seed pro- 
duction on the lower branches of plants growing close together, as a 
vast number of flowers open each day on portions of the plants which 
are exposed directly to visitation by insects and are therefore more 
accessible to them. 

In order to obtain information upon the number of flowers that 
produce seed on the upper and lower portions, respectively, of sweet- 
clover plants when grown under field conditions and where the stand 
contained four to five plants to the square foot, a number of racemes 
were labeled on different portions of the plants at Ames in 1915 and 
1916. When the pods were partly mature, records were made of the 
number of flowers that produced pods. The results obtained ar 
given in Table VI. 

Taste VI.—Relation of the position of sweet-clover flowers on the plants to seed pro- 
duction, at Ames, Jowa, in 1915 and 1916. 

Pods formed. 
> Number 

Year. Position of the flowers. of 

flowers. | Number. | Percent- Average. age. 

1915>| Upper halfol plants: 2.2 se22< tose e9-os55s2- ees eeaees 812 357 43.9 | 42.6 
AOIG she esa OO Saleen ote cece cee nie te ee I ee eee 261 101 38.7 re 

1016R wowernbalfOnplants. foe esas oe eee Sees eee eee eee 344 44 12%) 18.3 
AOtG 25-5 GOS .2e Soe eet toes ee see Roe es eee 216 59 27.3 

| 

The flowers on the upper racemes of the plants produced 31.2 per 
cent more pods than those on the lower racemes in 1915, and 11.4 per 

cent more in 1916. These results prove that insects more frequently 
visit the flowers that are directly exposed and are therefore more 
accessible. 

INFLUENCE OF THE WEATHER AT BLOSSOMING TIME UPON SEED 

PRODUCTION. 

The seed production of sweet clover is seldom satisfactory when 
rainy or muggy weather prevails during the flowering period. In 
order to obtain data as to the relation existing between the visits of 
insects and the prevailing weather conditions, a record of insect visits 
and of the number of flowers that opened each day was kept for a 
period of nine days at Ames in August, 1915. 

In this experiment the racemes were marked early each morning — 
just above the last flowers which had opened the previous day, and 
early the following morning the number of flowers which had opened 
the previous day was noted. The number of flowers that were polli- 
nated was determined by the number of pods that formed. Table 
VII gives in detail the results obtained. 
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TABLE VII.—Influence of the weather at blossoming time upon the yield of sweet-clover 
seed, at Ames, Iowa, in 1915. 

| Nurnber Percent- 
| (0) age of 

Date, | Weather conditions. - Insect visitors flowers Pods flowers 
1915. | Tei formed. that 

s opened. matured. 

Auioms6 |\tCloudycand showery--.-<-<---.-ec--5----- Werylewesa5-22s-= 102 18 | 17.6 
Peiicnmlig etvalmall Gaye ce cacao sss - IN ONG Stee oe 69 4 5.7 
Aug. 18 | Cloudy most of the day---......22---:----- Weryaewetere = sae | 60 20 33.3 
Ngo lOneClear andicooll. 22 os j22---- sees e ee = Numerous...-.-.-- 94 53 56.3 
Aug. 20 |“Mostly clear and warm........--.------.-- jo ated (Kosi, Seat eae | 61 38 62.2 
Ape la Oleawand warm... scence ieee sec (pees GOs eee | 81 44 54.3 

ie Be Baily. cloudy and SO eae ae lh doe 181 100 55.2 
Aug. 24 | Cloudy till mid-afternoon-.........-.....-- [i cHlenyes sree hee | 37 12 32.4 

The data given in Table VII show that the percentage of effective 
pollination is much higher in clear weather, when insects are active, 
than in cloudy or rainy weather, when but few insects visit the 
flowers. 

INSECT POLLINATORS OF SWEET CLOVER. 

On account of the ease with which the heavy flow of nectar of 
sweet-clover flowers may be obtained many insects visit the flowers, 
thereby pollinating them. While the useful insect visitors of flowers 
of red clover are limited to a few species of Hymenoptera, those 
pollinating sweet-clover blossoms are many and belong to such 
orders as Coleoptera, Lepidoptera, and Diptera, as well as to the 
Hymenoptera. However, in the United States the honeybee is the 
most important pollinator of sweet clover. In many parts of the 
country the different species of Halictus, commonly known as sweat 
bees, rank next in importance. The margined soldier beetles 
(Chauliognathus marginatus Fabr.) were very active pollinators at 
Arlington, Va., in the latter part of June and first part of July, 1916, 
but the woolly bear (Diacrisia virginica Fabr.) was the only night- 
flying insect found working on sweet clover at Arlington. 

Insects belonging to the genera Halictus, Syritta, and Paragus 
were very active pollinators at Ames, Iowa, in 1916, and ranked 
next in importance to the honeybee. In fact, the results obtained 
in the cage where the plants were protected from visitation by 
insects that could not pass through a screen having 14 meshes to 
the linear inch showed that these small insects were able under 
the conditions of that experiment to pollinate practically as many 
flowers as larger insects. 

The insects listed below were collected while visiting JJelilotus 
alba and WM. officunalis flowers in 1916. 
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AT ARLINGTON, VA. 

Neuroptera.—Perithemis domitia Dru., Enallagma sp. 

Hemiptera.—Adelphocoris rapidus Say, Lygus pratensis Linn. (tarnished plant 

bug). 

Coleoptera.—Chauliognathus marginatus Fabr. (margined soldier beetle), Diabrotica. 
12-punctata Oliv. (southern corn rootworm). 

Lepidoptera.—Pieris protodice Bd. (imported cabbage butterfly), Heodes hypophieas: 

Bd., Lycaena comyntas Gdt., Hylephila campestris Bd., Scepsis fulvicollis Hubn.., 

Ancyloxypha numitor Fabr., Pholisora catullus Fabr., Pyraustid sp., Loxostege similalis 

Gn. (garden webworm), Thecla melinus Hubn., Colias philodice Gdt. (the common 
sulphur butterfly), Tarachidia caudefactor Hubn., Pyrameis atalanta Linn., Drasteria. 
(2 species), Diacrisia virginica Fabr. (the woolly pea), 

Hymenoptera.—Halictus lerouxt Lep., H. provanchert (sweat bee), H. pectoralis 

Sm. (sweat bee), Halictus (3 unidentified species), H. legatus Say, Bombus affinis: 

Cr., B. impatiens Harris (bumblebee), Melissodes bimaculata Lep., Polistes pallipes 
Lep. (paper wasp), Megachile sp. (leaf-cutter bee), Coelioxys octodentata Say, Xylocopa 
virginica Drury (common carpenter bee), Pompiloides sp., Apts mellifica Linn. (honey- 
bee), Philanthus punctatus Say, Sphex nigricans Dahlb. (caterpillar hawk), S. picti- 

pennis Walsh (caterpillar hawk). 

Diptera.—Archytas analis Fabr., Chrysomyia macellaria Fabr. (screw-worm fly),, 
Pollenia rudis Fabr. (cluster fly), Ocyptera carolinae Desv., Trichophora ruficauda 

V. D. W., Eristalis arbustorum Linn., Physocephala tibialis Say. 

AT AMES, IOWA. 

Hemiptera.—Lygus pratensis Linn., Adelphocoris rapidus Say. 

Coleoptera.—Coccinella transversoguttata Fabr. 

Lepidoptera.—Eurymus eurytheme Bdvy., Chrysophanus  sp., Ten (2 species), 

Libythea bachmani Kirtland, Pieris rapae ane 

Hymenoptera. ca ocr sp., Apis mellifica Linn., Volletes sp., Halictus lerouxi + 

Lep., H. . provancheri D. J., Halictus sp., Elis sp., cane andréniformis Smith, Polistes 

sp., S phex sp., Eumenes ie aterna Say, Sceliphron sp., Isodontia harrist Fern., Cerceris: — 
sp., Oxybelus sp. 

Diptera.—Syritta sp., Paragus sp., Chrysomyia macellaria Desy., Syrphide (2 uniden- 

tified specimens). 

EFFECT OF MOISTURE UPON THE PRODUCTION OF MELILOTUS ALBA 

SEED. 

Careful inspection of a number of swect-clover fields in Iowa and 
Tlinois in the autumn of 1916 indicated that many plants were 
unable to obtain sufficient moisture for the proper development of 
their flowers. Examination of flowers that aborted shortly after 
reaching their mature size showed that the anther sacs had not 
burst, even though the pollen grains were mature. Apparently for 
the same reason many immature pods aboried. The precipitation 
for July, 1916, in Livingston County, Iil., where the sweet-clover 
seed crop ener ed watenalls for lack of moisture, was 3.2 inches less 
than normal, while the temperature was 4.5° F. above normal. In 

August the precipitation was 0.96 of an inch below normal and the 
temperature 4.2° F. above normal. At Ames, Iowa, the precipita- 
tion was 3.54 inches below normal and the temperature 5.4° F. above 
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normal in July. Both the precipitation and temperature were about 
normal at Ames in August, but most of the precipitation fell before 
the experiments were commenced. 

In north-central Illinois the seed production of sweet clover was 
very irregular. Some fields produced an abundance of seed, while a 
large percentage of the pods on the plants in other fields near by, 
where the thickness of the stand, size of the piants, and conditions 
in general were approximately the same, aborted. It was evident 
that all stands producing a good seed crop were growing on well- 
drained soil and that those which were not yielding satisfactorily 
were on poorly drained land. It is well known that sweet clover 
will produce deep taproots only when the plants are growing in 
well-drained soil and that a much-branched surface root system will 
be formed on poorly drained land, and especially when there is an 
excess of moisture or a high water table during the first season’s 
growth. During this droughty period in 1916 the upper layer of soil 
became so depleted of moisture that the plants with surface root 
systems were unable to obtain sufficient water to mature their seed. 
On the other hand, the lack of precipitation and the high tempera- 
tures did not affect the moisture content of the subsoil sufficiently 
to interfere with the normal seed production of deep-rooted plants. 
According to Lutts (22, p. 47) this same condition was found to be 

true in Ohio in 1916. 
As a rule, under droughty conditions the second crop of sweet 

clover will produce a higher yield of seed than the first crop, as the 
second growth of the plants is seldom more than half as much as the 
first, thereby requiring less moisture. However, if showery hot 
weather prevails when the first crop is cut, the end of each stub is 
very apt to become infected, usually with a species of Fusarium, 
which kills all the cortex as far back as the upper bud or young shoot 
and that part of it on the opposite side of this bud to the bud below. 
If the second bud from the top of a stub is not directly opposite the 
upper one the decay may extend nearly to the ground. (Pl. IV.) 
The destruction of half to two-thirds of the cortex from 2 to 4 inches 
below the upper bud materially reduces the quantity of water that 
can be conveyed to the branch above the base of the dead area. 

_ Plants thus infected obtain sufficient moisture for seed production 
only under the most favorable conditions. When the first crop is 
cut during warm dry weather, and especially when the first crop has 
not been permitted to make more than a 30 to 32 inch growth, the 
stubble seldom decays, and in no instance have the plants been 
observed to decay as far back as the upper buds. 

An experiment was conducted at Ames in the latter part of August 
and first part of September, 1916, to determine the effect of watering 
plants that were aborting a large percentage of their flowers and 
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immature pods. For this purpose several volunteer plants growing 
in a meadow were selected. A hole 12 inches square and 14 inches 
deep was dug 8 inches from the crown of one plant, and each evening 
during the experiment 2 gallons of water were poured into the hole. 
The top of the hole was kept covered, so as to check evaporation from 
it as much as possible. Another plant of the same size and growing 
about 15 yards from the watered plant served as a check. On both 
plants many of the flowers and immature buds were aborting at the 
beginning of the experiment. The soil in this field was so depleted 
of moisture that the leaves of the plants wilted during the hottest 
part of the days preceding the experiment. The foliage on the check 
plant wilted each day for the first five days of the experiment. On the 
sixth day 0.96 of an inch of rain fell and four days later 0.23 of an 
inch more. The dropping of the flowers was temporarily checked by 
these precipitations, but owing to the dry, compact condition of the 
soil the rain was not sufficient to check entirely the fall of flowers and 
immature pods. At the beginning of the experiment the racemes on 
both plants were divided into three classes, according to the develop- 
ment of the flowers, and labeled. They were collected and the seeds 
counted as soon as the pods at the bases of the racemes commenced 
to turn brown. Table VIII presents the results obtained. 

Tasie VIII.—Effect of water upon the seed production of sweet clover when growing 
under droughty conditions at Ames, Iowa, in 1916. 

Plant not watered. | Plant watered. 

| 
| Average | Average | Increase 

Stage of development when labeled. Nugnber pamberot Nei hed jaatDer of from 3 
ofracemes po S PeF | ofracemes po s per | watering. 

labeled. +) Saco e | abeleds | sec 
that that 

/matured. matured. 

— 

Flowers at the base of the racemes just ready to open. 49 27.39 110 |}° 55.63 28. 24 
IBOdGerbO G:daVS Oldies ate ces bee Nee ae ines 2 3 2113 112 39. 81 18.68 
Pods 9 to 12 days old. ...........- pee ie er eee ae 35 15.23 50 29. 86 14, 63 

The effect of the water was noticeable soon after the first appli- 
cation, as the leaves and flowers on this plant became turgid and the 
anther sacs burst at the proper stage of their development. Very 
few flowers fell after the second day. The water decidedly checked 
the aborting of immature pods, as is shown by the results obtained 
on the racemes which were labeled after the pods had formed. The 
racemes which contained pods 3 to 6 days old when labeled matured 
9.95 pods to the raceme more than those which contained older pods 
at the beginning of the experiment, but this was expected, as most 
of the aborting which caused this difference had taken place before 
the racemes were labeled. As very few pods aborted before they 
were 3 to 6 days eld, the difference of 9.95 pods to the raceme in favor 
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of the ones labeled when the flowers at their bases were just ready to 
‘open was largely due to the dropping of the flowers on the older 
racemes before the experiment was begun. 

It will be seen that the production of mature pods on the slant 
not watered was much greater on the racemes that were labeled 
before the flowers opened than on the older racemes. This difference 
is undoubtedly due to the precipitation which fell on the sixth and 
tenth days of the experiment. It is believed that the yield of 15.23 
pods to the raceme on the ones labeled when the pods were 9 to 12 
days old is representative of the production of pods per raceme pre- 
vious to the precipitation and that the other racemes on this plant 
would have yielded proportionately if conditions had remained the 
same. : 

In the early spring of 1916, Melilotus alba was planted in several 
large pots in the greenhouse of the Department of Agriculture at 
Washington, D. C. These pots were placed outside the greenhouse 
in the late spring, where they remained until the following January, 
when they were taken into the greenhouse. The plants grew rapidly 
and began to flower during the latter part of April, 1917. At this 
time two pots were placed in a large cage made of screen having 20 
meshes to the linear inch. One pot was submerged in a tub of water, 
so that the soil was saturated at all times, while the plant in the other 
pot was given only sufficient water to keep it from wilting. The 
pods on a few racemes were self-pollinated and the results obtained 
are given in Table IX. 

TasLe 1X.—Effect of moisture on the seed production of Melilotus alba at Washington, 
C., in 1917. 

; Flowers that ma- 
Total number of— tured (per cent). 

Soil treatment. 

Racemes.| Flowers. Eee Total. | Increase. 

Soil given only alimited quantity of water........-. 12 227 65 28300 ee eeiser ae 
Soillsatunatedee sae eat eee en aoe 17 425 234 55. 05 26. 22 

The results of this experiment compare favorably with those ob- 
tained under field conditions at Ames in 1916. 
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Part I1.—_STRUCTURE AND CHEMICAL NATURE OF THE SEED 
COAT AND ITS RELATION TO IMPERMEABLE SEEDS OF 
SWEET CLOVER.' 

HISTORICAL SUMMARY. 

When agriculturists first began to cultivate wild legumes they 
observed that many seeds would not germinate within a compara- 
tively short time after planting. Thus the problem of impermeable 
seeds began to demand attention many years ago. However, imper- 
meable seeds are not confined to the Leguminose, as they occur also 
in the Malvacexw, Chenopodiaceew, Convolvulacee, Cannacee, and 
other families. 

Since the first account of the structure of legume seed coats by 
Malpighi (23 v. 1) in 1687, many investigators have contributed to 
our knowledge of the structure of the coats of seeds belonging to this 
family. 

Pammel (31) made an extensive study of legume seeds, including 

all the genera in the sixth edition of Gray’s Manual, as well as 
genera not included in that publication. He found that the seed coat 
uniformly consisted of three layers, namely, the outer layer of Mal- 
pighian cells, the osteosclerid layer, and the inner layer of nutrient 
cells. Pammel’s work included a study of the seed coats of Meli- 
lotus alba and M. officinalis, and the descriptions and illustrations in 
his publication agree for the most part with the results obtained in 
the investigations reported in this article. However, more variation 
was noticed in the different layers of the seed coat than he describes. 

The cause of impermeability in seeds has been investigated by 
many. It has been found to be due to the embryos in some seeds, 
such as the hawthorns, but in most cases to the structure of the seed 

coat, and especially so in the Leguminose. Crocker (3) states that, 
exactly opposite to the common view, the cause of delayed germina- 
tion generally lies in the seed coats rather than in the embryos. 
Nobbe (29) thought that the hardness of leguminous seeds was due 
to the Malpighian layer, and in a later publication Nobbe and Haen- 
lein (30, p. 81) state that the absorbent power of many seeds is inhib- 
ited or entirely arrested by the cones of the Malpighian cells and the 
shields built up between them, which consist principally of cutin. 
Huss (15) agrees with Nobbe and Haenlein. Verschaffelt (39) 

found that the impermeability of the seeds of Cxsalpiniaceee and 
Mimosacez investigated was due to the inability of water to pass 
through the canals of the seed coat. By soaking the seeds in alcohol 
or other substances which change the capillarity of the pores, the seed 

1 The writers wish to acknowledge the service rendered by Mr. H. S. Doty, Instructor in Botany, Towa 

State College, Ames, Iowa, in assisting in the preparation of this article. 
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coats were made readily permeable to water. Gola (6) states that 

the cause of the impermeability of seeds is the peculiar character of 
the Malpighian cells, which prevents their infiltration and conse- 
quent increase in volume, while Bergtheil and Day (2) found that the 
hardness of the seeds of Indigofera arrecta was due to their possession 
of a very thin outer covering of a substance resistant to water. 
Ewart (5, p. 185) believes that in most impermeable seeds the cuticle 
prohibits the absorption of water, but gives as an exception Adan- 
sonia digitata, in which the whole integument seems to be permeable to 
water with difficulty. The following is quoted from White (42, p. 
205): 

As a general rule in small and medium-sized seeds the cuticle is well developed 
and represents the impermeable part of the seed coat, while in the cases of large seeds, 
such as those of Adansonia gregorii, Mucuna gigantea, Wistaria maideniana, and Guil- 

andina bonducella, the cuticle is relatively unimportant and inconspicuous. -In these 
seeds the extreme resistance which they exhibit appears to be located in the palisade 
cells. 

In discussing the seed coat of Melilotus alba, Rees (33, p. 404) 
states that the outer layer consists of palisade cells covered exter- 
nally by a structureless membrane, which, however, did not appear 
to be cuticle but hemicellulose, as it stamed magenta with chlor- 
iodid of zinc. The greater part of the walls of the palisade cells also 
appears to be composed of hemicellulose and the outer ends only 
were cuticularized. In order to find whether the outer membrane 
was in itself impermeable to water, this author treated seeds for short 
intervals in sulphuric acid to dissolve the outside covering without 
directly affecting the palisade cells. Seeds treated in this manner 
swelled in water and microscopic examination showed that the ends 
of the palisade cells were quite intact, but had separated from each 
other. From this it was concluded that the outer membrane is 
instrumental in conferring impermeability on the seed, although not 
directly responsible for it, as is the case with a true cuticle. It is 
further believed that it probably served as a cement substance by 
means of which the cuticularized ends of the cells were held together 
closely, thus forming a barrier through which water could not pene- 
trate, but that as soon as this barrier was removed the ends of the 
palisade cells separated and water passed in between them. 

More than 20 years ago machines were devised by Kuntze, Michal- 
owski (27, p. 86), Huss (15), and later by Hughes (14), to scarify 

impermeable seeds. Other methods have been recommended and 
' employed to some extent for hastening the germination of seeds. 
Hiltner (13, p. 44) treated seeds of red clover, white clover, and 
alfalfa 10, 30, and 60 minutes with concentrated sulphuric acid and 
found that the best germination resulted from the 60-minute treat- 
ment. Love and Leighty (21) also treated the seeds of various 
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legumes with concentrated sulphuric acid and obtained a better 
germination in all cases. In their investigations with Melilotus alba 
it was found that a 2-hour treatment resulted in some injury to the 
seed, but that a treatment varying from 25 minutes to 1 hour gave 
good results. In most cases in our investigations the seed coats 
of sweet clover became permeable to water after a treatment of 
15 minutes in concentrated sulphuric acid, and within 5 minutes all 
of the Malpighian cells were destroyed down to the light lime. Har- 
rington (10) found that the soil, season, climate, color, or size of 
red-clover seeds had no influence upon the percentage of impermeable 
seeds and that the good germination ordinarily obtained with red — 
clover was due to the scarifying of the seed coats by the rasps of 
hulling machines. Harrington (11) also studied the agricultural 
value of impermeable seeds and found that alternations of tempera- 
ture cause the softening and germinating of many impermeable 
clover seeds when a temperature of 10° C. or cooler is used in alter- 
nation with a temperature of 20° C. or warmer and that the effect 
of such an alternation of temperature is greatly increased by pre- 
viously exposing the seeds to germinating conditions at a temperature 
of 10° C. or cooler and is decreased by previously exposing the seeds 
to germinating conditions at a temperature of 30° C. It is a well- 
known fact that impermeable seeds which remain in the field over 
winter germinate readily the following spring. 

The light line is the most important and interesting feature of the 
Malpighian cell, at least so far as Melilotus alba and M. officinalis are 
concerned. But one light line occurs in the Malpighian cells in 
most Leguminose, although Pammel (32) reports two well-developed 
light lines in Gymnocladus canadensis, Janowicz (16) found three in 
Lupinus varius, and Sempolowski (36) two in Lupinus angustifolius. 
Many investigators have studied the light line, and different 

theories have been advanced as to its function, physical properties, 
and chemical nature. Schleiden and Vogel (35, p. 26) in describing 
the mature testa of Schizolobium excelsum in 1838 undoubtedly referred 
to the hight line when they stated that the walls of the Malpighian 
cells were not equally thickened. Mettenius (26), in 1846, was 
probably the first definitely to describe the light lme. This author 
believed it was composed of pore canals, all appearing at the same 
height in the cells, but he was unable to prove this by cross sections. 
Lohde (20) studied the light line in seeds of Hibiscus trionwm and 

found it cutinized. Hanstein (8) states that the Malpighian cells are 
composed of two cell layers and the light line is produced by the 
adjoining walls of the ends of the cells. Later, this same author (9), 
according to Harz (12), refers to the light line as a perforated disk 

composed of tissue of strong refracting power. 
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Russow (34) concludes that the light line is produced by neither 
chemical nor mechanical changes but is caused by a modified molec- 

ular structure containing less water than the remainder of the cell 
wall. Hiltner (13) agrees with Russow’s explanation. Harz (12, 

p- 561) also agrees with Russow and adds that he has observed that 
the light line disappeared in a number of cases after applications of 
nitric acid. Wigand and Dennert (43) suggested that the light line 
is due to a series of erect fissures, while Tietz (37, p. 32) believes it is 
due to a chemical modification and that the phenomenon results 
from the exceptionally extreme density of parts of the cellulose 
membrane. Junowicz (16) found evidence of cellulose material. 

The cell wall at this point was strongly refractive and had a different 
molecular structure. After studying Phaseolus vulgaris, Haberlandt 
(7, p. 38) agrees with the Russow explanation. In the seed of this 
plant the light line colored blue after being treated with chloriodid 
of zinc. Sempolowski (36), who investigated the light line in Lupinus 
angustifolius, states that there is not only a difference in the molecular 
structure but also a chemical modification of the cell wall at this 
point, since with iodin and sulphuric acid the cell wall colored blue, 
whereas the light line colored yellow. Wettstein (41), who studied 

seeds of Nelumbo, agrees with Russow (34) and Sempolowski (36) 
that chemical and physical modifications occur. He found that iodin 
and sulphuric acid colored the Malpighian cells intensely blue, the 
light line at first yellowish, and then later it gradually became blue. 
This reaction may be accelerated by heat. JIodin produced the same 
effect, and the ght line colored blue more rapidly. When treated 
with a water-withdrawing medium the light line was not altered for 
some time, but finally disappeared with continued application. 
Cooking for a long time in caustic potash or standing in cold caustic 
potash caused the cells to swell, while the light line remained unin- 
jured at first but finally disappeared. He also believed that the 
absence of pore canals in the region of the light line caused it to be - 
more dense. 

Nobbe and Haenlein (30) treated sections of seed coats of Trifolium 
pratense with iodin and sulphuric acid and found that the light line 
colored blue as readily as the thickened ridges that radiate inward 
from it, but that the outer processes of the palisade cells projecting 
from the light line toward the cuticle stained dark brown. They also 
state that various causes work to produce such unusual lusters in 
the light line, the principle one of which is the thickened ridges which 
radiate inward, reach their greatest development at this point, and 
coalesce in the lumen of the cell. The result is that the light line 
falls upon a continuously homogeneous medium, while in the inner 
portions of the ridges the light passes through media of varying 
opacity, such as cellulose, water, and protoplasm, whereby it is pro- 
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gressively subdued in varying degrees by partial reflection. Pammel 
(31, p. 147) studied the light line in Melilotus alba and found that it 
consisted of a narrow but distinct refractive zone below the conical 
layer. The refractive zone colored blue with chloriodid of zinc. 
The whole upper part was, however, more or less refractive, while the 
remainder of the cell wall contained pigment and colored blue with 
chloriodid of zinc. Small canals project into the walls, in some 
cases extending beyond the light line. 

Beck (1) found that the light-refracting power of the light line was 
much greater than that of the undifferentiated membrane and stated 
that there may be in addition to this a chemical difference which can 
not be detected with the present microchemical methods. He does 
not believe that it is cuticularized or that it contains less water than 
the rest of the cell. 

Marliére (24, p. 11) gives a physical explanation and states that the 
true cause of the light line lies in the peculiar structure of the sec- 
ondary membrane of the Malpighian cell. Tunmann (88, p. 559) 
observed that it did not hydrolize in weak acids and therefore decided 
that it was not hemicellulose. He found that it dissolved in concen- 
trated sulphuric acid more readily than the regions surrounding it 
and that it was composed of pectin or callose. In our investigations 
the main portion of the light line of Melilotus alba and M. officinalis 
was very resistant to concentrated sulphuric acid, only the narrow 
outer portion being attacked. It showed evidence of callose. 

MATERIAL AND METHODS. 

Permeable and impermeable seeds! of Melilotus alba and M. of- 
ficinalis were obtained from commercial samples and also from sam- 
ples collected in the field. Those selected for sectioning were allowed 
to dry after being removed from the germinator and then embedded 
on the ends of pine blocks in glycerin gum, which was made by 
dissolving 10 grams of powdered gum arabic in 10 ¢. c. of water and 
adding 40 drops of glycerin. After the glycerin gum had dried 
for 24 hours, the seeds were easily sectioned. ‘This method of em- 
bedding causes no change in the seed coat. It is more satisfactory 
than the paraffin method for holding the seeds firmly. The glycerin 
gum dissolved readily when the sections were mounted in water. 

In the microchemical studies Sudan III, alcanin, chiorophyll solu- 
tion, and phosphoric acid iodin were used to test for cutin or suberin; 
sulphuric acid and iodin, chloriodid of zinc, and chloriodid of 
calcium for cellulose; phloroglucin and hydrochloric acid for lignin; 

1 The term ‘‘permeable”’ is used in this paper to designate seeds whose coats are permeable to water in 

two weeks or less at temperatures favorable for germination, while the term ‘‘impermeable”’ is used to 

designate seeds whose seed coats are impermeable to water for this length of time when temperatures are 

favorable for germination. Impermeable seeds are commonly referred to as ‘‘hard seeds,’’ and they may 
become permeable in time, 
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ruthenium red for pectic substances; and sulphuric acid, Congo red, 
‘and aniline blue for callose. 

Where very thin sections were necessary for detailed study of the 
structure of the seed coat, pods in various stages of development 
were collected, and after the usual preliminary treatment they were 
embedded in paraffin and sectioned with the microtome. Micro- 
chemical tests were made with these sections by using various specific 
stains. Safranin was used to test for cutin, suberin, and lignin; 
haematoxylin and methyl blue for cellulose; methylene blue, methyl 
violet B, mauvein, and ruthenium red for pectic substances; and 
aniline blue and Congo red for callose. In studying some points 
with reference to the pore system of the seed coat, it was necessary 
to use free-hand sections of fresh pods. 

In studying the seed coat in relation to the absorption of water, 
both permeable and impermeable seeds were soaked in water solu- 
tions of safranin, gentian violet, eosin, and haematoxylin, then dried 
and embedded in glycerin gum for sectioning. Seeds were soaked 
in stains dissolved in 95 per cent alcohol to test the penetration of 
alcohol. It was evident that the seed coats did not act as a filter, 
as the stains passed through them with the water or alcohol. 

STRUCTURE OF THE SEED COAT. 

There is very little endosperm present in mature seeds of Melilotus 
alba or M. officinalis. That which is present is quite permeable to 
water and therefore bears no relation to the impermeable seeds of 
these plants. 

The outer layer of the seed coat, which is the modified epidermal 
layer of the ovule, is known as the Malpighian layer. (PI. V, figs. 1 
and 2.) The cells constituting this layer, commonly called palisade 
cells, are the most highly modified cells of the seed coat. They are 
very much elongated, their length varying in the different regions of 
the coat, and their outer tangential walls and the outer portions of 
their radial walls are so much thickened that their lumina are con- 
fined to the inner portion of the cells, sometimes occupying less than 
half the length of the cells. The inner tangential walls and inner 
portions of the radial walls are thickened just previous to the death 
of the cells, the thickening sometimes being only slight and sometimes 
so much as to leave only very narrow lumina. 

There is a very thin layer on the outer surface of the Malpighian 
cells which has been called cuticle by previous investigators, but the 
chemical composition of this layer and its perviousness to water 
indicate that there is very little cutin present. This layer is probably 
the primary epidermal cell wall rather than a deposit on the outer 
surface of the wall. To determine this a study of the development 
of the Malpighian cells is necessary. 
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Beneath the so-called cuticle there is the much thickened outer 
portion of the Malpighian cells in which there are two rather distinct 
regions, one constituting the conelike structures and the other form- 
ing a continous layer over the conelike structures, separating them 
from the cuticle and fillmg in between them. These two regions 
separate easily, and in cutting sections the outer region, called by 
some the cuticularized portion, often breaks away, leaving the entire 
surface of the cones exposed. 

The term “‘cuticularized layer’ will be used to designate all of the 
thickening covering the cones, including that around the cones as 
well as the portion between the cones and the cuticle. This term is 
not entirely appropriate, for the region is practically free from cutin, 
but for the want of a better term it will be used. There are canals in 
the cuticularized layer and cones, which are easily seen when the 
sections are treated with chloriodid cf zinc or sulphuric acid. A 
surface view of a section showing the cones and cuticularized layer 
when mounted in glycerin shows the canals as dark lines due to the 
air inclosed. The canals are most abundant along the lines where 
the lateral walls of the cells join, but many are within the cones and 
in the cuticularized substance between the cones. (PI. V, fig. 5.) 

The well-developed light line in Melilotus alba and WM. officinalis is 
found just below the bases of the cones. In some seed coats only a 
few and in others none of the canals which are common in the cones 
and cuticularized region cross the light line. A very distinct line of 
small canals filled with air and thus forming a dark band is present 
just above the light line, thus making the light line more conspicuous. 
(Pl. V, fig. 3.) When the lumina of the cells extend across the light 
line, they are exceedingly small. The light line is the most compact 
region of the Malpighian layer and is conspicuous because it refracts 
the light much more than the regions above and below it. 

Just below the Malpighian is a layer of cells variously modified 
and known as the osteosclerid. The cells of this layer are often 
referred to as the hourglass cells on account of their shape. In some 
regions of the seed coat they are expanded at both ends and their 
walls are much thickened, the thickenings forming ridges on the 
radial walls, while in other regions only the upper tangential wall and 
a portion of the radial walls are thickened and the cells are expanded 
only at the inner end, thus having the shape of the frustum of a cone. 
Beneath the osteosclerid layer is the nutrient layer. 

The nutrient layer contains chloroplasts. It varies not only in 
the number of layers of cells composing it, but also in the modifica- 
tions of these cells. This layer ranges from four to seven cells in 
thickness in the different parts of the seed coat. 
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STRUCTURE OF THE SEED COAT OF SWEET CLOVER. 

Fia. 1.—Section of the seed coat of Melilotus officinalis. 450. Fic. 2.—Another section of the seed 
coat of Melilotus officinalis, showing the variation in size and modifications that occur in the three 
layers. 450. Fic. 3.—Section of the Malpighian layer of a Melilotus alba seed, showing a line of 
canals just above the light zone. 450. Fic. 4.—Section of the Malpighian layer of a permeable 
Melilotus alba seed. 450. Fic. 5.—Tangential section of the Malpighian cells cut between the 
cuticle and tops of the cones, showing pores. 530. Fic. 6.—Section through the Malpighian layer 
ofanimpermeable Melilotus alba seed. 450. Fic. 7-—Section through the Malpighian layer ofan 
impermeable Melilotus alba seed, showing the region through which water and stains readily passed. 
450. Fic. 8.—Cross section of a Malpighian cell of a permeable Melilotus alba seed through the 
region of the light zone, showing the lumen not entirely closed. 530. Fic. 9.—Section through the 
Malpighian layer of a Melilotus alba seed shaded to show the portions which react to the cellulose and 
pectose tests. 450. Fie. 10.—Section through the Malpighian layer ofa Melilctus alba seed which 
shows the condition of the seed coat after 60 minutes’ treatment of concentrated sulphuricacid. That 
portion above the light zone was destroyed, and the lumina as small pores through which much of 
the stain now passed were seen extending across the light line. The lines between the cells were 
much more distinct, appearing as smallintercellular spaces through which some stain passed. 450. 
a, Cuticle; b, cuticularized layer; c, conelike portion of the thickening of the Malpighian cells; ¢, 
light line; e, region ofa hard seed coat through which water and stains readily passed; 7, lumen; M, 
Malpighian cells; VV, nutrient cells; O, osteosclerid cells; p, canals just above light zone. 
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MICROCHEMISTRY OF THE SEED COAT. 

Tests for cutin showed that there was very little present in the 
seed coat. Slight reactions for cutin were observed in the cuticle, in 
the outer margin of the cuticularized layer, and in the basal portion 
of the cones. These reactions were so slight as to be almost negli- 
gible. It is evident that the cuticle and cuticularized layer are not 
well named in Melilotus alba and M. officinalis. Tests for cellulose 
showed that it was present in the cuticle, cuticularized layer, cones, 
the walls of the Malpighian cells below the light line, and the walls of 
the cells of the osteosclerid and nutrient layers. (Pl. V, fig. 9.) 
The reaction for cellulose in the Malpighian cells was quite distinct in 
the walls below the light line, less distinct in the cones and cuticle, 
and least distinct in the cuticularized layer. 

Tests for lignin occasionally showed slight traces in the Malpighian 
cells below the light line. When treated with reagents for pectic sub- 
stances, the cuticle, cuticularized layer, cones, and all cell walls 

below the light line gave a definite reaction. The reaction of the 
cones and cuticle was more pronounced than the cuticularized layer. 
Tests for callose gave no reaction except in the upper part of the 
light line. This part of the light line stained slightly blue with 
aniline blue and was easily dissolved with sulphuric acid. In cutting 
free-hand sections of fresh material the Malpighian layer sometimes 
broke along this line. The greater part of the light line reacted to 
none of the tests, and its chemical nature was not determined. 

When microtome sections of seeds in different stages of develop- 
ment were treated with various stains, the results were in accord 

with those obtained with free-hand sections. Thus with safranin 
the periphery and cones of the Malpighian cells were slightly stained, 
while haematoxylin and methyl blue stained all the seed coat except 
the light line. The cones and cuticle stained more readily than the 
cuticularized layer, but neither stained as deeply as the cell walls 
below the light line. Methylene blue, methyl violet B, and mauvein 
stained all above the light line, indicating the presence of pectic sub- 
stances; however, the staining was more prominent in the cones and 

~ cuticle. 
The difference in reaction of the cones and cuticularized layer to 

the cellulose and pectose tests probably indicates a difference in 
density rather than a difference in chemical composition. Since the 
cuticularized layer separates readily from the cones, there may be a 
difference in physical properties. 

With Congo red the upper part of the light line was only very 
slightly stained, but aniline blue had a more pronounced effect. 

The microchemical tests applied to the seed coat show that in the 
region above the light line there is only a slight trace of cutin or 
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suberin, but a considerable amount of cellulose and pectose. Ail 
cell walls below the light line are mainly cellulose but contain some 
pectose. The upper portion of the light line contains callose, but 
the remainder of the light line appears to be chemically different 
from all other parts of the seed coat or else so dense as to resist the 
attack of the reagents. 

THE SEED COAT IN RELATION TO THE ABSORPTION OF WATER. 

A study of permeable seeds soaked in water containing stains 
showed that there were no local regions through which the water 
passed. The stains passed through all regions of the seed coat. 
Coating the micropylar region with vaseline retarded germination, 
but had no effect upon the percentage of germination at the end of 
three days. In seed coats through which the stain had passed, the 
light line was not stained. Some stain was found in the canals which 
crossed the light line, and much more in the cell cavities. There was 
no evidence that the stain had permeated the substance of the light 
line. It was able to cross the light line only when pores were present, 

In impermeable seeds the stains passed readily to the light line. 
(Pl. V, fig. 7.) It was evident that the absorption of water was not 
prevented by either the cuticularized layer or the cone-shaped struc- 
tures of the Malpighian layer, but by the light line. The region out- 
side of the ight line became stained in a few hours, but there was no 
trace of the stain within the light line after the seeds had remained 
a week in the stains. Alcohol did not penetrate the seed coat more 
readily than water. 

A COMPARISON OF PERMEABLE AND IMPERMEABLE SEED COATS. 

No difference in chemical structure was found between the coats of 

permeable and impermeable seeds. ‘The principal differences were 
in the character and amount of thickening of the cell walls. 

In many of the permeable seeds some of the canals were found to 
extend across the light line, but this was not true for all permeable 
seeds. (Pl. V, fig. 8.) Oblique sections of permeable seed coats 
showed that the cell cavities, although reduced to mere pores by the 
thickening of their radial walls, extended across the light line into 
the base of the cones, thus forming a passageway through which the 
stains passed to the larger portions of the cell cavities below the light 
line. (PI. V, fig. 4.) 

In the coats of the impermeable seeds the light line was usually 
broader, the Malpighian cells thickened more below the light line, 
and the main cavities of the Malpighian cells were more reduced and 
farther below the light line than in the coats of permeable seeds. 
(Pl. V, fig. 6.) No canals except occasionally a few very small ones 
were seen crossing the light line in impermeable seeds. Cross and 
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oblique sections showed that the lumina of the Malpighian cells were 
closed in the region of the light line. Thus it was found that perme- 
able and impermeable seeds differ mainly in the amount of thickening 
which occurs in the walls of the Malpighian cells. In the imperme- 
able seeds the thickening which begins at the outer tangential wall 
of the Malpighian cell extends farther toward the inner tangential 
wall, leaving the cell lumina smaller and farther below the light line than 
in permeable seeds. The thickening is also more complete in imper- 
meable seeds, leaving fewer and smaller canals across the light line 
as well as closing the cell lumina in the region of the light line. 

THE ACTION OF SULPHURIC ACID ON THE COATS OF IMPERMEABLE 

SEEDS. 

Impermeable seeds were soaked in concentrated sulphuric acid 
(sp. gr. 1.84) for 15, 30, and 60 minutes; then washed and put in the 

staining solutions. After they had swollen, they were removed from 
the staining solutions, dried, and embedded in glycerm gum. A 
study of these seeds showed that the acid had eaten away all of the 
material outside of the light line and that the stain had passed 
through all regions of the seed coat. (PI. V, fig. 10.) When observed 
under the microscope, it was seen that the action of the acid was 
rapid, destroying the cuticle, cuticularized layer, and cones in about 
5 minutes. After 15 minutes treatment with acid the light line, 
aside from the presence of canals and pores not previously visible, 
seemed to be very little affected. The division lines along which the 
lateral walls of the Malpighian cells were joined now became much 
more distmet across the light line, thus indicating that there was 
some swelling in this region. When a close examination of the path 
of the stain was made the cell lumina, and occasionally very small 
pores, were found to extend across the light line. The presence of 
the stain in the pores indicated that they were paths of the stain 
across the light line. Some of the stain passed along the lines be- 
tween cells and through the occasional canals crossing the light line, 
but judging from the intensity of the stain in the lumina the canals 
appeared to be the principal passageways. 

The action of the acid in opening the cell cavities across the light 
Ime was not determined. It may be due to the swelling of the light 
Ime or to the removal of substances closing the pores. 

No seeds were exposed to the acid for longer than an hour, but at the 
end of this period the light line was still intact. As compared with 
other portions of the Malpighian layer, it is extremely resistant to 
concentrated sulphuric acid. Since all cell walls below the light line 
are mainly cellulose, the resistance of the light line prevents the acid 

from destroying the entire seed coat and reaching the embryo. 
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INTRODUCTION. 

In this bulletin, which is one of an annual series covering the period 
1904 to 1918, inclusive, with the exception of 1914,! are detailed 
statistics of the 1918 production of lumber, lath, and shingles in the 
continental United States,? with comparative figures from previous 
annual reports. 

The collection and compilation of the statistics for the Western 
States were done through the district offices of the Forest Service at 
Missoula, Denver, Albuquerque, Ogden, San Francisco, and Portland. 
The figures for New York State were furnished by the New York 
Conservation Commission.? The work in all of the other States east 

1A detailed summary of the 1914 lumber production is given in Bulletin 506, which contains the figures 

for 1915. 

2 The production statistics for 1918 were summarized in a preliminary statement issued in May, 1919. 

3 Acknowledgement is made for assistance in the compilation and review of this bulletin to A. B. Strough, 

New York Conservation Commission; and to C. N. Whitney, Miss Frances R. Waters, Quincy Randles, 

N.J. Fetherolf, Miss Catherine Deneen, L. A. Nelson, and T. J. Starker, of the Forest Service. 

1 
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of the Rocky Mountains was done in the Washington office of the 
Forest Service. 

As in former years, the census was carried on, in cooperation with 
the National Lumber Manufacturers’ Association, which contributed 
financial assistance, and aided, through its affiliated organizations, in 
securing reports from the mills. 

TOTAL LUMBER PRODUCTION. 

The quantity of lumber reported cut in 1918 by 14,753 mills was 
29,362,020,000 board feet. The output of 2,887 mills cutting less 
than 50,000 board feet each is not included in the total cut. An 
additional 2,795 mills were reported idle. The estimated total 
lumber production by 22,546 mills in 1918 was 31,890,494,000 board 
feet. The reported cut shows a decrease of 11.5 per cent from the 
1917 figures; the number of mills reporting, a decrease of 10 per cent; 
and the estimated total production, a decrease of 11 per cent. 
Many of the conditions which were responsible for the slowing up 

of production in 1917 continued for the greater portion of 1918, and 
in some instances were accentuated prior to the signing of the armi- 
stice in November. War demands of both a direct and indirect 
character resulted in the taking up of the lumber produced from the 
usual avenues of utilization. 

Ever increasing prices for lumber and other building materials, 
railroad freight embargoes, car shortages, high wages, and scarcity 
of labor, curtailed credits, and the discouragement by the Govern- 
ment of all activities other than those aimed to help win the war 
cut down the demand for lumber for the first 10 months of 1918.. 
Illustrative of building conditions, statistics for the year show the 
value of construction for which permits were issued in 148 cities of 
the country to have been approximately $415,000,000, a decrease of 
39 per cent from the year before. The decline in 1917 from 1916 
was 29 per cent. Conditions at the mills were of a trying character 
because of the scarcity of skilled labor and the large turnove’ m 
both skilled and unskilled labor, increasing costs along every line, 
and because of the difficulty in making shipments on orders. Ex- 
port trade remained at a low ebb, for not only was foreign business 
light but tonnage available was limited. Many small mills did not 
operate because of unsatisfactory market conditions; 2,795 mills 
reported idle. The number of big mills operating—those cutting 
upward of 5,000,000 feet annually—decreased 5 per cent from the 
year before; the 1,290 mills falling into this classification cut 70.68 
per cent of the aggregate output of the country. 

The reported lumber cut, the number of active mills reporting, and 
the estimated annual total cut are given in Table 1 for each year 
since 1899 for which data have been compiled. The statistics for 
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all of the years are not directly comparable, since the intensiveness 

of the individual annual canvass made must be taken into considera- 

tion. In the enumerations for 1899 and 1909, field agents of the 

Bureau of the Census were employed, which permitted the output of 

nearly all, if not all, mills being recorded. The reported cut and the 

estimated total cut for 1918 are the smallest for any one of the 

_ years shown. 

LUMBER PRODUCTION BY CLASSES OF MILLS. 

As in previous years, the mills were arbitrarily divided into classes 

according to the quantity reported cut. These classes are shown in 

‘Table 2, with the computed! number of mills operating and the com- 

puted total production for each of the last five years—1914 to 1918, 

inclusive. 
More than two-thirds of the aggregate output of the country’s 

sawmills was produced by 1,290 mills, or but 5.7 per cent of the 22,546, 
or computed total number, in operation. The concentration of 
production among the larger operations—mills cutting 10,000,000 
feet and over annually—has increased materially during the last 
decade. In 1909, this class of mills produced 43.09 per cent of the 
total cut for the year, while in 1918 the same class of mills cut 59.49 
per cent of the total. In 1918, the number of class 5 mills operating 
was about 100 less than for the year before; a number of class 5 mills 
in 1917 became class 4 mills in 1918 through their cut falling below 
10,000,000 feet. 

Figures on sawmill capacity with relation to actual production, 
arranged by classes of mills and by States, are contained in Table 3. 
The compilation is based upon answers to a question on the lumber 
cut schedule sent to the mills as to how much lumber the reporting mill 
could produce in a 10-hour shift if demand and price were very favor- 
able. While not all of the returns contained an answer, the number 
of replies is sufficiently large to furnish an excellent basis for the 
table. Local conditions of a wide variety, with climatic conditions 
dominating, account for the considerable variation in the average 
number of 10-hour days operated by the mills in different States, and 
in the average yearly output per mill. The theory held generally by 
operators that the larger mills, such as those falling into class 5, 
operate closer to capacity than do the mills in the lower classes is 
supported by the figures in the tabulation. A computed average 
figure for the country as a whole is omitted, since there was no 
logical common basis for it. 

1“‘Computed,” as used in this bulletin, expresses results obtained by the extension of figures based on 

actual returns so as to show totals for approximately all sawmills whether or not reports were received from 
them. 
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_CLASS 5-10,000 M. FT. AND OVER 
ahd ~(3.48 P.C.) 

A. Z--DO00O-TO 339 MF 

GLASS |_50 TO 499 MFT 

Fra, 1.—Relation of mill classes to production in 1918. 
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TABLE 1.—Quantity of lumber reported, number of active sawmills reporting, and estimated 
total cut, 1899 and 1904-1918. 

Active . Reported cut of : Estimated total 
Year. lumber. ienotte. cut of lumber. 

35, 084, 166, 000 31, 833 35, 084, 166, 000 
34, 135, 139, 000 218,277 43,000,000, 000 
30, 502, 961, 000 11, 666 43° 500, 000, 000 
37, 550, 736, 000 22,3898 46, 000; 000; 006 

40, 256, 154, 000 28, 850 46, 000, 000, 000 
33, 224, 369, 000 31, 231 42,000, 000, 000 
44, 509, 761, 000 446,584 44, 509, 761, 000 
40, 018, 282, 000 231; 934 44, 500, 000, 000 

37, 003, 207, 000 228,107 43, 000, 000, 000 
39, 158, 414, 000 2 29° 005 45, 000, 000, 000 
38, 387, 009, 000 2 21, 668 44,000, 000, 000 
37, 346, 023, 000 2 27. 506 40, 500, 000, 000 

81, 241, 734, 000 216,815 38, 000, 000, 000 
34, 791, 385, 000 2 17,269 40, 000, 000; 000 
33, 192, 911, 000 2 16, 420 36, 000, 000, 000 
29, 362, 020, 000 214,753 32} 000, 000, 000 

1 Custom mills excluded. 
2 Mills cutting under 50,000 feet excluded. 
3 Including mills which manufacture lath and shingles exclusively (1,500 estimated). 
4 Includes 4,543 mills cutting less than 50,000 feet, and all cooperage, veneer, millwork, box, furniture, and 

other factories cutting any lumber at all in 1909. 

TABLE 2.—Reported production of lumber, 1914, and computed totals, 1915, 1916, 1917, 
and 1918, by classes of mills. 

1 The data shown for 1914 is quantity actually reported cut. 

Mills. | Computed quantity cut. 

Classes. Year. Com = 
pute er Per 
numbet cent. Feet B. M cent. 

operating. 

11914 27, 506 100. 00 37, 346, 023, 000 100. 00 
1915 29, 951 100. 00 37) O11; 656, 000 100. 00 

All classes....... PEE Salen ean saat c maar eee Ne 1916 30, 081 100. 00 39° 807, 251, 000 100. 00 
|} 1917 24,815 100. 00 35, 831, 239, 000 100. 00 

1918 22,546 100. 00 ons , 890, 494, 000 | 100. 00 

1914 867 3.15 20, 934, 446, 000 56. 06 
1915 846 2.82 20, 669, 746, 000 55. 84 

Class 5: 10,000,000 feet and over per year.....|, 1916 925 3. 08 23, 310, 137, 000 58. 56 
1917 899 3. 62 22° 148) 570, 000 61. 81 
1918 785 38. 48 18) 970, 552) 000 59. 49 

11914 547 1.99 3, 910, 370, 000 10. 47 
1915 453 1.51 3, 224, 448, 000 8.71 

Class 4: 5,000,000 to 9,999,000 feet per year..../4 1916 484. 1.61 3, 513, 767, 000 8. 82 
1917 459 1.85 3, 360, 502, 000 9. 38 
1918 505 2. 24 3, 567, 104, 000 11.19 

11914 3,291 11.97 6, 078, 730, 000 16. 28 
1915 3,191 10. 65 6, 201, 864, 000 16. 76 

Class 3: 1,900,000 to 4,999,000 feet per year....|4 1916 3,041 10. 11 5, 858, 675, 000 14. 72 
1917 2,352 9. 48 4,615, 941, 000 12. 88 
1918 2,194 9. 73 4, 270, 755, 000 13. 39 

11914 4,261 15. 49 2, 780, 184, 000 7.44 
1915 4,198 14. 02 2 941; 264; 000 7.95 

Class 2: 500,000 to 999,000 feet per year......- 1916 4, 594. 15. 27 3,096, 760, 000 7.78 
1917 3, 689 14. 87 2 460, 685, 000 6. 87 
1918 3, 183 14.12 2 138) 005, 000 6. 70 

11914 18, 540 67. 40 3, 642, 293, 000 9.75 
1915 21, 263 70. 99 3, 974, 334, 000 10. 74 

Class 1: 50,000 to 499,000 feet per year.........|4 1916 21,037 69. 93 4,027, 912, C00 10.12 
1917 17, 416 70. 18 3, 245, 541, 000 9. 06 
1918 15, 879 70. 43 2,944,078, 000 9. 23 

2 SES ST I EE Fe a ee NS St ee aa 
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TaBLu 3.—Reported number of days operated, yearly output, cut per 10-hour day,’ and 
estimated daily capacity, for average mill, by States and classes: 1918. 

Class 5. Class 4. 

Average Average 
number Average Esti- |number Average | Esti- 

State. of 10- i Veraee cut per | mated | of 10- cae cut per | mated 
hour deere er | 10-hour | daily | hour nornee 10-hour | daily 
days . day’per | capacity | days mill toy capacity 
oper- . aie mill. | oper- i . er mill. 
ated. ated P 

Feet b. m. 5 Feet b.m. |Feetb.m. | Feet b.m. 
Alabama......------ 245 | 22,302,444 | 91, 030 214! 6,252,800} 29,219] 41,600 
BAT IZ ON Asse eoee sees 2) 19; 163, 000 (2). <2 Ss@)LEilsaseaccel=s-ceesescece|soaseseccs| saeeeeee 
aan a: i as 250 21; 8386, 500 87,621 214 6, 771, 143 27, 734 33, 571 
alifornia «wn e- ; 

‘ vada, UP Na (2) 27, 694, 050 (2) (2) 6, 321, 700 (2) 61, 750 
OloradOl.ccistaecen leek se 

22, 582, 273 ae 
16,324,000 | 63,518 934 | 5,443,000| 23,261)  32)500 
27, 670, 000 (2) (2) 6, 065, 000 56, 250 

ee el ia: ene 390} "5, 163,000 |” 17,803" |" “30, 600 

"997373; 000 |" ""777684 |" ""80,000 }""""377"|) “6,531, 000 | 93,578" "35,000 

25, 445, 097 90,166 | 101,226 207 7, 272, 167 35, 160 45,000 
15,791,000 | 82,245 | 141,000 260! 6,982,000] 26,854] 337520 

eee Se age os taal feta eed eer gauge es cy 110 8, 166, 000 74,286 80, 000 
ASsachus ebiS= cs | lseaenssclcoccccecnede coce senna else neces sone lacie seme loa ce toeee se eee ee eens |e eee 

Michigans. -2- nc 285 15, 973, 182 56, 082 73, 182 221 7, 013, 000 31, 709 38, 583 

Minnesota........-. 212 | 21,651,889 | 154,705 | 157,222 300} 7,530,000] 25,000] 37,500 
Mississippi.........- 294 | 937383200 | 79,427 | 101,700 204| 8,011,667 | 39,337] 46,667 
MISSOULDI: soe soccer aoe 12, 212, 667 53, 800 51, 667 180 7, 000, 000 38, 890 40, 000 

Now Hanpetize.-| 252 7°200,000| @f-7t6|- 200,000 |oc,- > -|sc cheers cssl ccs eet ena i a 8 eet “a ‘y ) 4,710 |  LUU,UUU [oe ecw cc clecwcccen cece see cecccnc/ccceccors 

INOW: J CTSO Vid = sce) Seie, Stain Sl a hy ccle os asia all eratcieswrareoniave | eerste Sisiavokevelltolmvaiciarchace |mieyareie wie elerele all cereror ere ate eee eae 
New Mexico-...-.-- (7) 15, 163, 000 (°) () (2) 6, 304, 000 2 8 
Newark cc2nct ence ere tk BAe ips aS ine Cee ete iso} 5,641,000| 29,926] 47,500 
Nor th Carolina...... 330 | 25,013,667} 75,799] 78,333 220| 7,770,889 | 35,322] 55,556 

Ores chctecece see oreiet ss Aeon scence se |Uoacacteead| Sewecmnes [awstats |eeeclsinccteess [eee em econ sence 

Oklahoma........-- 2041 “94-090:000'1) Bt7960)|? “R2,500 | ss ceacccleosenssaaetncleeeeaueeee|seceteene 
Orecsoneesne snes 248 | 31,631,368 | 127,547 | 148, 000 156 7, 037, 250 41,111 57, 500 
acne ore eee 322 | 23, 787, 000 73, 827 80, 000 224 6, 811; 667 30, 591 46, 000 

sland...... “aloes cel Solow cecciees | camecwuene [oe eceas cele | Maes Sone | Se Seeds a cee Gemeente | eee 
South Carolina...... 320 | 23,403,500} 73,079 | 136, 250 253 {| 8,038,500! 31,836 | 32,500 

South Dakota....... (2) 18, 208, 000 (2) 153000: |o2cn os ecloeece awed oe ctge|c anctes berea|actoaeeeee 
Tennessee......--.-- 270 14; 169, 000 52, 575 77, 500 208 8, 001, 500 38, 423 52, 500 
Texas ENR hs ae 299 | 207559,498} 68,719 | 84,858 209 | 7.772,800| 37,261] 58,000 

ULE oes wea sencinte enon are | evers aia rst a'|(siec hate @e ajalelatnd ine dieiewe sic [ete ares oimwle.c'|'s olaicie winial| sieiwiniets wisie oe sia/at \in wis areie's oletnl| sree eielela rate 

VieruOn yg. tose oni ls ted snd lawman on oes |aneceaeae| feaeaeess 264 | 6,496,000|  24,606| 30,000 

NAPSINI AS eer nce 213 11, 414, 500 31, 048 45,750 234 7, 265, 250 31, 048 45, 750 
Washington........ 243 | 28,352,347 | 116,676 | 154, 000 169 | 7,847,429] 46,434] 58,813 
West Virginia...... 269 | 19,213,222} 71,425 | 83, 889 230 | 6, 948,333 | 30,210 | 44,333 
eeceusle SA eee 317 21, 253, 875 67, 047 75, 900 238 7) 575, § 500 31, 830 39, 786 
VOMIN 2h. lS N eee 2 a ls see widje wks |e eee cae Sl et oere oa wars clare eee cecal meee a eevee care | Seen | eee 

| | 

! Shifts reduced to 10-hour basis. 2 Data not obtained. 3 Data not given. 
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Taste 3.—Reporied number of days operated, yearly output, cut per 10-hour day, and 
estimated daily capacity, for average mill, by States and classes: 1918—Continued. 

Class 8. | Class 2. 

Average 
Average| Esti- [number Average| Esti- 

State. cut per | mated | of 10- pe cut per | mated 
10-hour | daily | hour | Y@"Y Ul) ionour | daily 
day per | capacity | days pee day per | capacity f : mill * : 
mill. |permill.| oper- ; mill. | per mill. 

ated. 

Feetb.m.| Feet b.m. Feet b. m. | Feet b. m.| Feet b.m. 
Alabama's 22-.2_! 9,515 | 15,852 147 657, 913 4,476 | 10,783 
Ari ZONAee ene eae (?) (8) (2) 688, 500 (?) (2) 
Arkansas wa: anes 14,109 | 21,712 112 704, 667 6,269} 10,400 
alifornia an e- 
Week je sence (2) 36, 250 (?) (3) (2) 19, 830 

@oloradon se (2) 26,250 | (2) 723, 500 (2) 16, 250 

omer acu Senbidsdog 6, 552 10, 900 179 737, 667 4,121 10, 167 
GEE. cho sscose|bocoRead| | Sobnpseeo5ond Hooperecuollococsosdad|seaasaad pdeodsaasaese|konebacsodauaeRoses 

Florida....- 10,454 | 17,389 216 689, 000 3, 190 6, 438 
Gearsineas ene 9,513'| 17,053 157 650, 952 4148 7, 810 
dahon cence ee) (2) 37,500 | (2) 663, 000 (2) 30, 000 

UT OLS sees a|e eee eta Meee cick cise Stel ne oot saw clbiometineces 143 777, 000 5, 421 15, 000 
Andi anaes ane Loe 6, 842 9,389 162 672, 823 4,147 7, 500 
Towa Sema’ eee 15,000 |» 30,000 |.......- EEA SN EA Se Meas pees ta 

ansas an e- 
pRasica ee 23,333 | 30, 000 100 500, 000 5, 000 5, 000 

Kentucky...2::::--- 9,788 | 17,400 124 656, 636 5, 295 7, 636 

Louisiana......-..-- 13, 116 23,333 144 750, 625 5, 231 12, 625 
PNT A gh Oe ea 11,450 | 18,545 101 686, 696 6,799 | 12,000 

WIT ARTI. . cb coboca Kieeueede poseescoobacc lpseoesEaes|SoopsoooeS 190 781, 400 4,113 6, 000 
Massachusetts....-.- 8,699 | 14,538 137 662, 825 4,825 | 10,077 
Miehiganesss seme = 12, 236 20, 778 66 695, 500 10,538 16, 000 

Minnesota........--- 6,358 | 12,000 85 688, 333 8,066 | 11, 667 
Mississippi..-....-.- 11,501 19, 640 111 669, 567 6, 008 16, 433 

issoumu ew ear. f 2. 9,554.1 16,200 148 661, 429 4,469 | 11, 000 
Montana...-. pepeoee (2) 43,750 (2) 597, 000 (2 23, 750 
New Hampshire.... %, 870 15,771 87 658, 222 +7, 103 19, 333 

INI@uy UGISGY/ 6c nds canal boeeAdeca lposeouocoRads|esessteosolboesaascee 267 570, 000 2, 138 3, 667 
New Mexico......-.- (2) (3) (2) 529, 000 (2) (8) 
New. York-.)/5.2..- 6,684 | 10,538 126 661, 521 5,253 | 10,347 
North Carolina...-.- 7, 928 13, 640 142 647, 746 4, 582 8, 296 
ag eee ae 8,618 | 14,300 188 702, 077 3, 734 7, 038 

OIG NGG) 52 56866el Bade sas. || sseronacds a4] Socceraeed bocedocods 93 790, 000 8, 495 10, 000 
Oregons sete 384, 21,288 | 51,250 71 663, 042 9,339 | 20, 750 
Pennsylvania.....-- 438, 6,310 | 16,600 181 651, 717 3, 608 7, 560 
Rhode Island....-.- 400, 9,333 | 14; 000 106 612, 333 5,777 | 11,667 
South Carolina...... 718, 7, 949 14, 214 179 693, 950 3, 880 8, 800 

South Dakota..-....- 06, (2) 20, 000 (2) 638, 000 (2) 11, 250 
Tennessee.....------ 004, 13,029 | 19, 238 118 667, 956 5, 658 8, 895 

RASH ee eictstets aroie = 027, 12,564 20, 809 112 679, 181 6, 044 13, 090 
Witahee sae eee 08, (2) SNe eae sreia lave Sein imrsisete a Sich e Smile al eter ae 
Wermont! 139 96, 9,865 | 20,222 108 663, 928 6,139 | 13, 857 

WVarginia 6204.22) 61, 11,017 | 17,526 135 664, 651 4, 923 8, 357 
Washington. deine ooaS B} 19, 629 30, 563 91 698, 087 7, 671 23,375 
West Virginia....... 15,082 | 24,300 115 664, 467 5,778 9, 933 
Wisconsin....------- 19, 841 32, 438 66 682, 600 10, 342 14, 800 
VAY RST Or eictasas BaQokGnel SeGaeOBSCacGa Eee aee lo scauesr ia (2) 641, 000 (2) 18, 750 

1 Shifts reduced to 10-hour basis. 2 Data not obtained. 3 Dava not given. 
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TABLE 3.—Reported number of days operated, yearly output, cut per 10-hour day, and 
estimated daily capacity, for average mill, by States and classes: 1918—Continued. 

Class 1. 

State. ea weraee Average pred Estimated 
of 10-:,) Very out | io-hour daily, 

hour days paEP er day per capacty 
, operatad. Q mill. 1okee av 

Feet b.m. Feet b.m. | Feet b.m. 
ALA DAM Gers Sno ne etter cts = 8 ase nate ase canes 57 202, 415 38, 551 6,392 
SAT Z ONG os 205, Sate Sete eee Sta rate Pee opeted aor sis ee Sel ee eee (2) 177, 750 2 (3) 
ATKANSES: Saas a oo senate e BPnegitencacnan Tuono unde 58 171, 527 2,956 7, 864 
Californiaiand=Nevad a=- 22-2222 aan eee area ee ee - (2) 3) (2) 9, 769 
Colorado. so-so se es eee conan Mine ates 5 octane ees (2 163, 902 (2) 10, 000 

Connecticut ass -- tance 1 ena ere ce 49 133, 333 2,721 5, 633 
IDS EI WGMGE aa nee ASE ia sre ae eles) Ones aaere C 97 242, 857 2,549 5, 286 
DOVIG 82 s/s eS ook eee aad = aioe oe = eee ee sie 95 223, 260 2,341 5, 988 
CE 0) ea ae ee ter ac ak a ree ae Bie ee eo ae 50 151, 793 3, 036 5, 989 
TAH OS 25 cess sees az ahame gid ohbes tee oeetee Sen cee ane) 210, 000 (2) 15, 000 

MINIM OLS See Sea are es eee ee ae ees oe eine Sy eee 63 177, 862 2, 806 5,379 
Jb GT GRIER Pee BaSeenr sees nearer ass ooeana spor 78 217, 744 2, 807 5,315 
LO Wee e oe epee ae SRO ron hehe ar ene aie ce ee 39 130, 958 3,336 6, 313 
KansasandyNebraskail. sas S26 -eaeeeisns tema soe 125 142, 000 1, 136 3, 750 
GTI Cle y soe Sas Sat nee eee See eee te tae ae eee 53 189, 697 3,579 5, 702 

Ib IRIE Map bas ora cea wenaa- Gok saaee nee tanaoe asa aaect 79 244, 941 3, 103 9,529 
Maines soa c.122 = Bs Pa ee ne Oe eee MeN Eerie © 54 229, 302 4, 246 9,913 
Maryam Wises tats cen see ep aS ae ia erate eee ee 65 207, 829 3, 205 5, 768 
MassachusettSi< 223222255 -- sees ceue bo stcie me Soe sme eee 76 246, 133 3, 252 7, 667 
MIGHI PAN Moi os wsects hoe x hte Baseline ie ear Biss 47 210, 128 4,378 10, 282 

Minnesota: si22-25222222 SE eee ey Be 170, 621 5,341 9, 293 
IMISSISSI PDle ao anne fe oe eee neice ie See tee nee 57 223, 000 3, 943 7, 750 
MISSOUM sone oS. Sec cecenet. 2 eat hice asb cee ogee 55 164, 551 2, 992 5, 411 
Montana...22 5. ere ees vende cae ts beter eect eeciee ene (>) 172, 000 () 11, 250 
INGweblampshiress Sees tee ence Sasser ha eee eee 61 254, 428 4,191 10,178 

New Jerseyz2s22.2<sct3i2¢ snc me ctct sac b io tees me ueeee | 128 159, 693 1, 252 3, 423 
NG weM Oxi COrs sate. set eens octet cn Sg eevee (2) 190, 455 ) (3) 
INGW Mork ficcc2d. S625 vases Pees et bees soos Sota 58 159, 412 2, 727 7,451 
North) Caroling: pe. -coesicece eee oe poe eee oeese te as ee 58 218, 774 3, 772 6, 509 
Cig eter oe ey. gl tet eee ne nn, Bl a | 74 219, 852 2,971 5, 483 

| 

Ollahomas sess a seaee ae tsar ae Sas eee ed a 50 152, 750 3, 055 6, 583 
(ORCRON Ta apes ae arse Nee bee Ae eee ee eee 37 229, 456 6, 202 14, 838 
Pennsylvania rears oot ycrcnt oe ope ee cee cians sateen eee 74 195, 391 2,613 6, 108 
Rhode Island.....-...-- I Aa ne cade eee Ni ae 23 157, 500 6, 848 10, 000 
South: Caroling... 226 s5 ce Se oe kee lee eee 55 170, 745 5, 096 5,727 

South Dakotascs 253i Bi case et cee ey ae Se ea @) 183, 294 (2) 10, 000 
MENNESSCO sa 228 scien 2 nahn eee ea eet ees ee 57 184, 993 3, 256 6, 277 
PORAS oe SoS oncaeid 2 eee en rons eee Se week en eee 62 221,740 3, 587 9, 148 
DIE Peete eA ROE ene atten Oma? gia tet) (2) 118, 652 (2) 3 
iMermON tas cke fetoa eet oe eee ct ae 73 217, 706 2,958 9, 034 

Wiretiiene ates ps ak, con at tes tt e e ec a 57 183, 972 8, 228 5, 602 
Washing tones sons" sents steee se eta toes eee 60 235, 878 3,931 |: 12, 163 
NOSE Mirpiiies. 2. ea nen oe eee 58 170, 373 2, 937 5, 993 
Wisconsin. ... - . SSA Ee Bets Slgersstn te octets ese 30 186, 722 6, 224 10, 167 
AVYSVOININ YA ee es nese coins So elt eer. ae (?) 134, 555 (2) 7, 500 

1 Shifts reduced to 10-hour basis. 2 Data not obtained. 8 Data not given. 
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The relative importance of each State in the aggregate cut of jum- 
ber is indicated in Table 4, which shows the cut by classes of mills ar- 
ranged by States. Of the 777 class 5 mills reporting their output 
for 1918, 105 were located in Louisiana, 54 in Mississippi, 47 in Texas, 
38 in Arkansas, and 29 in Alabama. From this group of States 273 
class 5 mills reported in 1918, or a decrease of 18 per cent in compari- 
son with the 332 mills reported in 1917. In the Lake States group 
were 40 in Wisconsin, 30 in Michigan, and 20 in Minnesota, a decrease 
of 18 per cent in number from 1917. In the western States 132 were 
in Washington, 72 in Oregon, and 40 in California and Nevada; the 
class 5 mills in these States in 1917 numbered but 221, so that there 
is an increase of 10 per cent. 

In the 12 States mentioned above, the 607 class 5 mills reporting 
form 78 per cent of the total reporting from all States. From the 
four general producing regions embraced within these States comes 
the bulk of the soft wood cut. 

Of the 11,437 mills reporting a cut of from 50,000 to 1,000,000 feet 
each, 1,089 were in Virginia, 979 in North Carolina, 977 in New York, 
677 in Pennsylvania, and 632 in Tennessee. The 4,354 class 1 and 
class 2 mills in the five States constitute 38 per cent of the two classes 
of mills reporting for the entire country. 

152823°—20—Bull. 845——2 
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12 BULLETIN 845, U. S. DEPARTMENT OF AGRICULTURE. 

LUMBER PRODUCTION BY STATES. 

The total number of sawmills in operation and the total quantity 
of lumber reported cut in each State for the last 10 years—1909 to 
1918, inclusive—are shown in Table 5. The figures accurately por- 
tray the fluctuations in the lumber trade for the period covered. 
Only three of the leading producing States show a gain in output in 
1918 over the year before, and these States are in the western group. 
The increase in Washington, which ranks first in volume of pro- 
duction amounted to less than 1 per cent; in Oregon the increase was 
5 per cent, and in Idaho 6 percent. Production in all of the southern 
pine States markedly declined from the year before. In comparison 
with the 1917 output the cut was 18 per cent smaller in Louisiana, 
20 per cent in Mississippi, 17 per cent in Arkansas, 22 per cent in 
Texas, 18 per cent in Alabama, 23 per cent in Florida, and 30 per cent 
in Georgia. A largely decreased output also is in evidence for the 
North Carolina pine group of States; in North Carolina the decline 
amounted to 15 per cent, in Virginia to 19 per cent, and in South 
Carolina to 27 per cent. The cut in the Lake States was likewise 
less than for the year before. In Wisconsin the production was less 
by 8 per cent, in Minnesota 7 per cent, and in Michigan 12 per cent. 
Other changes in production among the minor producing States may 
be attributed to more or less local conditions. 
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The relative importance of the several general producing regions of 
the country at 10-year periods since the middle of the last century is 
-shown in Table 6. The history of the lumber industry is traceable in 
the tabulation, since it shows the inception of lumbering in each region 
and its growth or decline during subsequent intervals. 

TaBLE 6.—Lumber cut by groups of States, in per cent of the total. 

Groups. 1850 1860 1870 1880 1890 1899 1909 1918 

Per cent| Per cent| Per cent| Per cent| Per cent| Per cent| Per cent| Per cent 
Motalee sake cekes ye eeten 100.0 100. 0 100.0 1 100.0 100.0 100.0 100.0 

Northeastern group.......--- 54.8 37.0 37.8 25.8 19.8 16.3 11.7 7.4 
Central group..........---.-- 18.6 21.1 20.0 18.4 13.1 16.1 12.3 7.8 
Southern group.....--------- 8.5 13.0 6.9 9.7 15.6 24.0 33.3 34.9 
North Carolina pine group. - . 5.1 4.8 2.5 4.1 4.7 Ue’ 11.6 8.3 
Lake States group....---...-- 6.3 13.6 24,4 34.7 34.6 24.9 12.3 10.1 
Baciheigroupe=s-25-=-- -----\-< 5.9 6.4 4.0 3.6 8.5 8.3 1535 26.9 
Rocky Mountain group. .---- 0 al 9 9 Ii 1.6 2.9 4.4 
PAV OGH ER sete ie seeias seweie 8 4.0 3.5 2.8 2.6 1.1 4 5?) 

Northeastern group.—Connecticut, Delaware, Maryland, Maine, Massachusetts, New Hampshire, New 
Jersey, New York, Pennsylvania, Rhode Island, Vermont. 

Central group.—lIllinois, Indiana, Kentucky, Missouri, Ohio, Tennessee, West Virginia. 
Southern group.—Alabama, Arkansas, Florida, Georgia, Louisiana, Mississippi, Oklahoma, Texas. 
North Carolina pine group.—North Carolina, South Carolina, Virginia. 
Lake States group.—Michigan, Minnesota, Wisconsin. 
Pacific group.—California, Nevada, Oregon, Washington. 
Rocky Mountain group.—Arizona, Colorado, Idaho, Montana, New Mexico, Utah, Wyoming. 
All other.—Iowa, Kansas, Nebraska, South Dakota. 

LUMBER PRODUCTION BY KINDS OF WOOD. 

Table 7 shows for each of the last 10 years, 1909 to 1918, the com- 
puted cut of the different woods. In a preceding table the lessened 
cut was shown by States, while in this table the decline in output is 
revealed according to species. Only three woods on the entire list 
show a greater computed cut in 1918 than in 1917. These are Doug- 
las fir with an increase of 4 per cent, hickory with 5 per cent, and wal- 
nut with 61 percent. The enlarged cut of walnut was due entirely to 
the demand for this wood for war purposes. 

The decrease in yellow pine production from 1917 amounted to 
more than 2,500,000,000 feet, or 20 per cent. As between 1917 and 
1916 the cut of yellow pine fell off 10 per cent. The 1918 cut was 
more than 4,000,000,000 feet less than in 1916. Others of the more 
important softwoods, the cut of which declined from the year before, 
are white pine 2 per cent, hemlock 15. per cent, and western yellow 
pine 13 percent. Cypress production decreased 34 per cent. Among 
the hardwoods the computed output of oak was less by 10 per cent 
and that of yellow poplar by 17 per cent. 

Softwood production forms approximately four-fifths of the aggre- 
gate annual cut. The 1918 cut of softwoods was 12 per cent smaller 
than in 1917; the hardwood cut was 7 per cent smaller than in 1917. 
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Figures 2 and 3 supplement Tables 5 and 7 by showing graphically 
the computed figures on 1918 lumber production, by States and by 
species, respectively. 

BILLIONS OF BOARD FEET 
2 3 

CALIFORNIA ano NEVADA See 
WISGONS#N:.- o-oo me 
ALABAMA... i-02.022 _ es 
NORTH CAROLINA.....-- E 
MINNESOTA}. --2.2- 00% = 
RLORIDA.22 5) 272222 Les 

Fic. 2.—Computed lumber production in 1918, by States. 

The several woods which go to make up the bulk of the lumber cut 
in the United States are treated individually in the following pages. 
The tabulation for each species shows by States the number of active 
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mills reporting, the quantity reported cut, the proportion of the total 
reported cut, the average value per thousand feet f. 0. b. mill, and the 
computed total cut. The average values given in the tables are the 
weighted averages of about 50 per cent of the 14,753 mills which re- 
ported their cut, and accurately reflect the true value of the several 
species of lumber at the mill. The variation in values for the same 
wood in different States is caused by character of timber, type of 
manufacture, and distance from market. 

BILLIONS OF BOARD FEET 
fo) 1 2 3 4 5 6 7 8 9 10 1 

‘YELLOW PINE Mie ithe en eann Rat ae eT ee Oe TD BET 

DOUGCIZAS. FIRE 22 2s = 
NVA Te Ee IN Bees ee ee ss 

SYCAMORE: 2 25s. oe | 
LODGEPOLE PINE_____ fr 
MINOR SPECIES______-_ 

Fic, 3.—Computed total lumber production in 1918, by kinds of wood. 

The question is frequently asked in connection with lumber produc- 
tion figures as to what part shortleaf pine forms of the total quantity 
of yellow pine reported, or the ratio of white oak cut to the total. It 
is not practicable in the lumber census work to do more than group 
the figures for all of the yellow pines together, and treat the oaks, 
gums, cedars, and other woods in the same way, since no standard 
classification is found among the lumbermen. Producers in one sec- 
tion frequently apply a local name to a given species and only confu- 
sion would follow an attempt to segregate the figures. 

152823°—20—Bull. 845——3 
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YELLOW PINE. 

The reported cut of yellow pine for 1918 was 20 per cent under that 
for 1917 and is the smallest cut recorded since 1899, with the excep- 
tion of 1905. Since yellow pine production formed 34 per cent of the 
country’s aggregate lumber output, the economic importance of the 
decline becomes the more marked. Embraced in the classification of 
yellow pine is the longleaf pine cut in the Southern and Gulf States, 
the shortleaf pine from the same region as well as Arkansas, and the 
shortleaf and loblolly pie of the North Carolina pine region. 

The lessened output was general among the larger producing States. 
In Missouri and Maryland alone the 1918 cut was in excess of that re- 
ported in 1917. The decrease ranged from 17 per cent in both Louisi- 
ana and North Carolina to as high as 36 per cent in Georgia. ‘Through 
the greater loss in output in Arkansas, that State displaced North 
Carolina in seventh place in the rank of producing States. 

Reports were received from 5,289 active mills in 1918, whereas 
6,217 mills reported in 1917. 

The average value of yellow pine f. o. b. mill for the year was $24.38. 
The figure represents an increase of $5.38 per 1,000 feet; or 28 per 
cent, over the year before. The average value rose 33 per cent in 1917 
over 1916. 

TaBie 8.—Reported production of yellow pine’ lumber in 1918. 

[Computed total production in the United States, 10,845,000,000 feet.] 

uraber of 6 ' ee 
active uantity value per 

State. mills reported. | Per cemt.| 4 000 feet 
reporting. f. 0. b. mill, 

Feet b. m. 
HMitedISfateseees tae eee AeD ek eee es 5, 289 9, 941, 997, 000 100.0 $24. 38 

OUISIa Tame er Pe nse aM ele en 225 | 2, 486, 847, 000 25.0 25.13 
IMASSISSIP Dib moe cies cise sie Sacine cise eaeseene ena 488 1, 448, 893, 000 14.6 24. 52 
CTS CMa Ia TAs REN A Py Vis DRS ee 230 1, 172, 154, 000 11.8 25.27 
PAV a amie aes ee cist mac iaisine eal ven tsiaciseisias ele eisis 3's 638 1, 037, 659, 000 10.4 22.27 
INORGMG Carolina sae. ccciw eee ocletine cee we <siee <e <lle 1, 008 782, 027, 000 7.9 23.09 

Hilouidasee ee ee tee ey h one Rees eet ae 184 765, 912, 000 Ta 24.21 
PAM ea WS BIS eee eee ees ciel cctsir= siavoras cisietureiclciare 260 742, 236, 000 7.5 25.15 
Wikgeativey: Ser ean OA Sie SO rae le Smee 820 454, 015, 000 4.6 24. 81 
South; Carolinas acecece es ass seaeese sess eases ce 349 416, 536, 000 4.2 25. 62 
GGOig Bias 6 Ssosaasecosadausaeog dunn onuapoaueodasouac 465 352, 682, 000 3.5 22.08 

Oklahoma 51 147, 494, 000 1.5 20.79 
Missouri.....------- 84 42, 062, 000 4 23. 20 
Tennessee 211 37, 474, 000 4 18. 83 
Maryland 118 30, 223, 000 a) 23. 65 
All other States (see Summary, p. 42)... 158 25, 783, 000 32 25.13 

1 Longleaf pine (Pinus palustris), also known as Georgia pine and hard pine and exported as pitch pine; 
cut mostly in the Gulf States. 

North Carolina pine (Pinus txda), also called shortleaf, loblolly, old field, rosemary, and Virginia pine; 
cut mostly in Virginia, North and South Carolina, Arkansas, and Texas. 

pucrtleal pine (Pinus echinata); cut mostly m Virginia, North and South Carolina, Arkansas, Louisiana, 
and Mississippi. 

Sand pine (Pinus clausa); Florida and Alabama. 
= Slash (or Cuban) pine (Pinus caribea); cut mostly in Georgia and the Gulf Staies east of the Mississippi 

iver. 
Scrub pine (Pinus virginiana), also called Jersey pine; cut in the Middle Atlantic States. 
Pitch pine (Pinus rigida); Middle Atlantic and Northern States. 
Spruce pine (Pinus glabra); Gulf States. 
Pond pine (Pinws serotina); South Atlantic States. 
Table-mjuntain pine (Pinus pungens); Appalachian Mountains. 
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DOUGLAS FIR. 

The reported production of Douglas fir, amounting to 5,819,141,060 
feet, exceeded the 1917 output by 9 per cent. The computed total 
cut of 5,820,000,000 feet is the largest for any year for which figures 
are available. In 1917 the cut of Douglas fir formed 16 per cent of 
the aggregate output of all lumber in the United States; in 1918, the 
cut was 20 per cent, or one-fifth, of the total. The 1,101 mills report- 
ing are an increase of 77 mills over the year before. In Washington 
and Oregon production was slightly larger in 1918, and in California 
production increased 40 per cent over 1917 with a smaller number of 
mills reporting. In Idaho and Montana the output decreased. 

The average value per thousand feet increased from $16.28 in 1917 
to $18.77, or 15 percent. The 1918 figure is the topmost price record- 
ed for this wood. 

TaBLe 9.—Reported production of Douglas fir! lumber, 1918. 

{Computed total production in the United States, 5,820,000,000 feet.] 

Number of | Average 
active Quantity | value per 

State. mills reported, Per cent. 1,000 feet 
reporting. f. o. b. mill. 

Feet b. m. 
UDILeGIStateSes een ceesce ae eee ee aec ame 1,101 5, 819, 141, 000 100.0 $18.77 

Wiashin GtOnes actos coon. caue setiseih er ccmice roe Seeee 363 3, 578, 831, 000 61.5 19. 54 
OTSSOMES sss eee ees eee aaa eee aor menee 407 1, 898, 080, 000 32.6 17.09 
CaliiOninaaie saceeee et cetea ok Seechie tetas se ecceeeee 78 219, 267, 000 3.8 20. 32 
TaN Gee eas Sse Se See eee nee eee 116 72, 658, 000 132 19. 45 
IMOntaNg =. sate cae sae. ee PR pe tet ae ae 56 34, 906, 000 .6 19.38 

All other States (see Summary p. 42)...-.......--.- 81 15, 399, 006 23 2313 

1 Douglas fir (Pseudotsuga tazifolia) is the principal commercial species. 

WHITE PINE. 

White pine production reported in 1918 was smaller by 4 per cent 
than in 1917, the total cut amounting to 1,968,474,000 feet. In spite 
of the fact that it is the smallest quantity cut in more than a decade, 
white pine assumes the position occupied by oak in recent years in 
point of production. The 1918 white pine cut was 8 per cent below 
the 1917 cut in Minnesota, 7 per cent in Maine, and 21 per cent in 
Wisconsin; the cut gained by 8 per cent in Idaho and 10 per cent in 
New Hampshire. 

The average value of white pine rose from $24.81 per 1,000 feet in 
1917 to $30.84 in 1918, an increase of 24 per cent. 



PRODUCTION OF LUMBER, LATH, AND SHINGLES IN 1918, 21 

TABLE 10.—Reported production of white pine! lumber, 1918. 

[Computed total production in the United States, 2,£00,000,000 feet.] 

Number of Q Average 
active uantity value per 

State. mills reported. | Per cent.| 1 000 feet 
reporting. f.o. b. mill, 

Feet b. m. 
Winttedestatessee sareecc meron aoscieies oeio sec 2,638 1,968, 474, 000 100.0 $30. 84 

INIATENT SOUS Sie i Re me ett 154 830, 439, 000 42.2 30.77 
INE) 0 oi) SN eR eee a Ee A SEE eas er A) eae ae 376 237, 466, 000 12.1 28. 21 
Tea OMeg meet seca locals seseelee see ee wie oe oe 34 208, 749, 000 10.6 32. 84 
Nena blamapsharess Sir oe Saat ten Laas ere soa td 247 188, 569, 000 9.6 28.78 
VISCOMS INS 6 6 CORBA R AR Asa hoes Vache naceme sate Se sems 194 126, 228, 000 6.4 35. 48 

NIASSAEHTISE LES Neeser are eae ee ee arose 194 99,377, 000 5.0 26.72 
RVers Hui Orie ain Sane seeders here n RIG Ss 31 65, 856, 000 383 25.45 
IN CW AOn ear Sele eccaciaeae eieea shoes cte ts we cece 594 59, 842, 000 3.0 32.51 
Mi Chin ari eereeemae sss eee eee 2 124 46, 664, 000 2.4 35,47 
Wienin OM Gree pe ease nea: See eee ote 101 25, 722, 000 153 29.41 

SECS pain Shi ye au es ke Oe a eh ONS ee LE 240 24, 615, 000 13 35.34 
VAT OUTTA eet eri) acinar oe) ei eeces oie) 89 9,410, 000 Ae 25.70 
(WOVMECEUCHIE es ye ria) ae aie SU cig Sn 50 8,597, 000 4 34.09 
PRETINESSCO Searls sice tes cieeiemlnc cies one acres era ele 39 8,017,000 4 29.55 
INO CHRO) Tint Sean ieee Une acre mes eis Aen elie ean 44 7,437, 000 4 27.71 

All other States (see Summary Pp. 42)...-..-..---.-- 127 21, 486, 000 algal 27.28 

1 White pine (Pinus strobus) is the white pine cut in the Lake States, the Northeastern States, and the 
Appalachian region. 
Norway (or red) pine (Pinus resinosa), though botanically a yellow pine, is cut in the Lake States and 

largely marketed with white pine. 
Jack pine (Pinus banksiana) is cutin the Lake States. 
Western white pine (Pinus monticola) is cut in Idaho, Montana, Washington, and Oregon. 

OAK, 

The production of oak in the United States has decreased annually 
during the last 10 years and more, as a result of the depletion of oak 
timber and the wider use of a greater variety of hardwoods. In 
1918 the reported cut was 1,658,714,000 feet, in comparison with 
1,967,694,000 feet in 1917, a decrease of 16 per cent. The 1917 cut 
was 9 per cent less than that of 1916. The shifting center of oak 
production is indicated by Arkansas taking the place of West Vir- 
ginia as the principal producing State. Arkansas, Louisiana, and 
New York were the only States in which the cut was larger than for 
the preceding year, all of the other States showing decreases ranging 
from 1 per cent in Pennsylvania to 34 per cent in Kentucky. The 
oak cut is 32 per cent of the aggregate cut of all hardwoods. 

The average value of oak for the year was $31.11 per 1,000 feet, 
an advance of $6.62 per 1,000, or 27 per cent, over the year before. 
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TABLE 11.—Reported production of oak} lumber, 1918. 

[Computed total production in the United States, 2,025,000,000 feet. ] 

Number of Q eVELBES 
active uantity value per 

State. mills reported, | Per cent.) 4 009 feet 
reporting. f. 0. b. mill, 

Feet b. m. 
Wmiteds States s.s2e2- ese te 7,403 1, 658, 714, 000 100.0 $31.11 

PAUP ICA TISAS sols state ree are Se cl atee alk pa tee yes Sayre ee 285 237,678, 000 14.3 29.14 
MONMOESSCO2 sewer eek «Gee eee Nees ceece 459 181, 712, 000 11.0 29.23 
RWIS WiLE SIM Be 2 sete ec Ayes Seni aoa eeres eects 357 175, 130, 000 10.6 35.16 
Mar Simla ses See Meese meee te 2 eee eee Lee . 865 153, 598, 000 9.3 26. 66 
KeniG Cheyiies Seciee paren eee anon sae esee hee eae Aer 442 113,312, 000 6.8 34.32 

IMISSISSUD DS, eee een on nee oye eee eee ee eaeee 224 97, 495, 000 5.9 32.96 
North Carolinte. ace esses: saa. -5= So eyecare a 613 87,947, 000 5.3 26. 82 
IMISSOUITIS ae Se See ee es nse ees ea eaeee NT oe 294 86, 302, 000 5.2 24.65 
IPennsylVanla.ccosen. eset th vd Seen theo ewecen 580 84, 729, 000 §.1 33.52 
QIN O Rare ie seas eee ea ee a eee ae mee iat ae See 417 80, 099, 000 4.8 38.53 

WVOULSION A. 28.25 os oni eh ete ec eae aebieoooess 97 77,105, 000 4.6 28.47 
Min GANA Se Sen risae hae ee ee ore Sate eemins 335 65, 646, 000 4.0 42.78 
EAD AINA: ree Sects emice vat cticiatc sie teresa semen yaa 2 263 29,578, 000 1.8 22.76 
ING WY OLke ihe tae ei eh See ie Sk 535 25, 405, 000 1.5 35.22 
GOOTOILD Sates eoae access shoe see ene Se eee eee 147 24,529, 000 1.5 27. 43 

All other States (see Summary p. 42).-..-.-...-.-. 1,490 138, 449, 000 8.3 31.43 

1 Commercially the oaks are classed as white and red. The principal commercial oaks are listed below: 
White oaks.— White oak (Quercus alba) is the white oak common throughout the eastern halfofthe United 

States. 
Chestnut (or rock) oak (Quercus prinus) is found in the Appalachian region. 
Post oak (Quercus minor) and bur oak (Quercus macrocarpa) are common throughout the eastern half of 

the country. 
Overcup oak (Quercus lyrata) and cow (or basket) oak (Quercus michauzii) are the principal southern 

white oaks. 
Red oaks.—Red oak (Quercus rubra) is the red oak common to the eastern part of the United States. 
Texan red oak (Quercus terana) is the principal red oak sawed in the lower Mississippi Valley. 
Pin oak (Quercus palustris) is found in the Eastern and Central States. 
Scarlet oak (Quercus coccinea) is the northern and northeastern red oak. 
Yellow (or black) oak (Quercus velutina) is common to most States east of the Rocky Mountains. 
Willow oak (Quercus phellos) is cut mostly in the Southern States. 

HEMLOCK. 

Hemlock production in 1918 was less by approximately 272,000,000 
feet, or 14 per cent, than in 1917. The loss in output in comparison 
with the preceding year amounted to 12 per cent in Wisconsin, 19 per 
cent in Michigan, 13 per cent in Washington, 17 per cent in Pennsyl- 
vania, and 36 per cent in West Virginia. Washington succeeded 
Michigan in second place in point of production for all States. The 
output in Oregon, New Hampshire, and Vermont was larger than in 
1917. Wisconsin and Michigan combined furnish 45 per cent of the 
aggregate cut of hemlock. Washington and Oregon produced 18.6 
per cent of the country’s total in 1917 and 20.3 per cent in 1918. 

The average value of hemlock advanced from $20.78 per 1,000 feet 
in 1917 to $23.97 in 1918, a higher value by $3.19, or 15 per cent. 
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TasLe 12.—Reported production of hemlock * lumber, 1918. 

[Computed total production in the United States, 1,875,000,000 feet.] 

Number of Q = NereEe 
active uantity value per 

State. mills reported. Per cent. 1,000 feet 
reporting. f.o. b. mill. 

4 : Feet b. m. 
RUT OOS GALES area te are ats emp MK cts Ua 2,891 1, 696, 493, 000 100.0 $23. 97 

SUVA SCCM SUIM Sere os ees 2 din er hs ml a or WN esd 226 498, 936, 000 29.4 25. 26 
RWWaslab re oiiee Seca persis oe 101 275, 693, 000 16.3 17. 41 
1! Sa ee re glia ores aI Sti a ae 179 266, 822, 000 15.7 24.08 
ZO EHAG LVI a) ci anaes Cie evade mA tas Te 308 200, 573, 000 11.8 28.08 
Th Osis Wig t eG Satn eI aes an ee ie ae eee 94 85, 511, 000 5.0 27.87 

NOW YON KOR eel. cei re we eee ee ios, 808 70, 159, 000 4.1 Diet| 
OTOL OTe corres Ss Sr em Caples ere Se EIS 32 68, 159, 000 4.0 17.18 
Maines eae rs oe hee tye area OMe hee we re ce 327 62, 106, 000 Sa: 26.32 
Naweblamipsniremnrss ia io. cose Dees Foe oles 195 36, 511, 000 2.2 26. 53 
NorinC@arolinan eres set ee noes eee oe eee 61 31, 107, 000 1.8 19.79 

Tennessee............ ie abot ipa Manatees SESE 35 28, 982, 000 17, 24.49 
BVA LrTi cree ee ea a ee ay) SUVA Sve a 83 26, 286, 000 1.6 23. 86 
RICLINVON Ge eee ee aca SL Palaces Bey ea 205 18, 366, 000 ileal 26. 7! 
Massachsettsss. 25 22ts 2 scene 22555 Pa cE RE Aly DRT Be 110 10, 329, 000 -6 24.41 
All other States (see Summary p.42)............... 127 16, 953, 000 1.0 23. 66 

1 Hemlock ( Tsuga canadensis) is cut in the Lake States, Northeastern States, and the Appalachian region. 
Western hemlock ( Tsuge heterophylla) is manufactured in Washington and Oregon. 
Black (or western mountain) hemlock ( Tsuga mertensiana) is cutin small quantities. Carolina hemlock 

( Tsuga caroliniana) is occasionally cut in the Appalachian region. 

WESTERN YELLOW PINE. 

The 1,707,784,000 feet of western yellow pine reported sawed in 1918 
was 157,000,000 feet, or 8 per cent, under the 1917 output. The cut 
in California was 25 per cent less than in 1917 and that State gave way 
to Oregon as the leading State in production. California furnished 
26 per cent of all the western yellow pine cut in 1917 and but 21 per 
cent in 1918. The cut in Idaho was practically the same as for the 
preceding year, and a slightly increased total was shown for both 
Washington and Montana. 

The average value of $20.87 per 1,000 feet for western yellow pine 
differs from the 1917 average of $19.59 by $1.28, or practically 7 per 
cent. 

TABLE 13.—Reported production of western yellow pine! lumber, 1918. 

[Computed total production in the United States, 1,710,000,000 feet.] 

Quant A TeTBED 
uantity value per 

reported. Per cent. 1,000 feet 

f. o. b. mill. 

Feet b. m. 
1, 707, 784, 000 100.0 $20. 87 

437, 452,000| 25.6 18.23 
357, 351, 000 20.9 21.28 
310, 582, 000 18.2 23. 50 

SAR SIGUA bg ga el au ha NR ee 115 220, 231, 000 12.9 18. 28 
MOM ban eee ee eee eee ner ene ene occ acre 62 169, 956, 000 10.0 21.68 

INAV APES Sit GPUS es MAI se Pa oie tc a Re 19 81, 583, 000 4.8 24.32 
INTE WAM XA CO Ri tere a en ttt Sea ueele a): Jae 38 69, 354, 000 4.1 22. 66 
HOULHED AkOtaen cease eee eee mse Ne ee 26 29, 033, 000 EY 29.82 
Colorad often Gee Rain eee ates 2 ee 57 26, 427, 000 1.5 19.65 
All other States (see Summary p. 42).............-. 36 5,815, 000 5 19. 56 

1 Western yellow pine (Finus ponderosa) is the one species cut as such. 
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SPRUCE. 

The particular need for spruce for specific war purposes stimulated 
the production of this species in the Pacific northwest, with the result 
that the output is slightly in excess of the cut for 1917. Maine has 
been the leading spruce-producing State for a number of years, the 
annual output being approximately one-third of the country’s entire 
cut, but the State dropped into third position in 1918 with its pro- 
duction amounting to but about one-fifth of the total cut. The 
scarcity of labor probably had something to do with this condition, 
since but 252 mills reported operating in 1918 in comparison with 298 
mills in 1917. Washington’s cut was 78,000,000 feet and Oregon’s 
cut 95,000,000 feet in excess of 1917, or an increase of 39 per cent and 
79 per cent, respectively. The combined cut of the two States formed 
one-half of the aggregate cut of the country. West Virginia’s output 
declined 34 per cent. 

The high price paid for airplane stock was offset by the lower prices 
which were necessary to move the large volume of lower grades, so 
that the average value reached but $28.65 per 1,000 feet, an advance 
of $4.24 per 1,000 feet, or 17 per cent over the 1917 figure. 

TaBe 14.—Reported production of spruce! lumber, 1918. 

[Computed total production in the United States, 1,125,000,000 feet.] 

Number of Q Average 
active uantity value per 

rare: miils reported. Per cent.| 1000 feet 
reporting. f. 0. b. mill. 

| 

Feet b. m. 
Winited: States saat: paca see sltacjatercteisicnit 1,172 980, 561, 000 100. 0 $28. 65 

Wiashingtons iossieceiten te psesdecan ceed eaiteciect ee 60 275, 826, 000 28.1 23. 91 
OPEPON aes ose ce cies weit es eee le ae ee esas 35 215, 828. 000 22.0 27.03 
Main Cit aceite ae oa coete eat asnen ace ee oes 252 206, 208, 000 21.0 33. 26 
DWieST Var OU TILE Seca c cietape =a: cieversa\ste's arsia'w cicielate sie <i-taie's 16 45, 258, 000 6 38. 27 
ENG WVU ITLTO SEUNG eros fe Sieve cine ave aisha tee la) see heiales sia eters 109 44, 779, 000 4.6 33. OL 

North) Carolina fa. .\. ncn sa tcne fonsecemasbisecnse 10 31, 912, 000 3n3 36. 25 
VICTIM OT Sates oor Se nerns ote tepern yan Se mmieeerce eray isis 197 31,530, 000 3.2 30. 67 
NGW YORK ee ooo eso acceso we csc laclaciessieteetsiearien 141 25, 433, 000 2.6 33. 92 
AVERSUST ESO a anon caaenoraaaScoce aoeaW ese seosea. 72 18, 907, 000 159) 28. 13 
Califormiamcess eect isoe- 0 sete cee eet enemesomecens 8 16, 663, 000 Lv, 20. 75 

Colorado's frie ys seistec do's oxi vac ctegs ten Geode, tesielctcias 54 . 16,269,000 12:7, 20. 7: 
WiasCOMSIN 2222, 1251-0 se 2 Eee ea ere alee 40 13, 009, 000 1.3 30. 88 
UT GUO eee ee eee eee 18 12, 820, 000 1.3 23.29 
IMaAGHIP AMIR nates eciee eyatet see ees i ae See tes 65 7,523, 000 8 29. 79 
All other States (see Summary, p. 42).....-...--.-- 95 18, 596, 000 1.9 25. 38 

1 Red spruce (Picea rubra) is the principal species cut in the Northeastern States and the Appalachian 
region, 

Sitka spruce (Picea sitchensis) is the principal species cut in Oregon and Washington, 
Black spruce (Picea mariana) is cut in limited quantities in the Northeastern States. 
White spruce (Picea canadensis) is cut in the Lake States. 
Engelmann spruce (Picea engelmanni) is cut in the Rocky Mountain region. 
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MAPLE. 

-The production of maple shared in the general slump in output. 
The reported cut of 696,986,000 feet was 105,000,000 feet, or 13 per 
cent below that of 1917. In Michigan, where more than 40 per cent 
of the country’s total is cut, production dropped 63,000,000 feet, or 
18 per cent from the previous year. Production in New York and 
Ohio was slightly greater than in 1917. 
A higher average mill value was obtained in 1918 than in 1917, the 

average value of $29.05 in 1918 being an increase of $5.89 per 1,000 
feet, or 25 per cent. 

TABLE 15.—Reported production of maple: lumber, 1918. 

[Computed tetal production in the United States, 815,000,000 feet.] 

| 

Number of : Average 
x active Quantity value per 

: Baake. mills | reported. Per cent.| 1000 feet 
reporting. f. 0. b. mill. 

| 
| Fee b. m. 

UmtedeStateseeten cea: cose ne oe a 3, 659 696, 986, 000 100.0 | £29. 05 

Ti chicane ots nt ee ten ee oes 178 287, 231, 000 41.2 | 29. 93 
RVVASCOHSI Te ee nt tes Sen ae Sa eee elo tien Donte oe 256 141, 151, 000 20.3 26. 97 
West Virginia 171 58, 009, 000 8.3 | 33. 85 
New York 699 46, 691, 000 6.7 | 31. 02 
Benn Gy VAI Aree om ee te es eats onesie tee see es 392 | 35, 324, 000 5.1 27. 09 

Sina: pe eee eee ea 321 | 28, 443, 000 4.1 | 27.17 
TPG HONOR 5 5 eee Ok aN ee ei oe a 269 19, 582, 000 2.8 32. 64 
MCE OU ie eer eer ern ee Sek SS. ee oe kes 169 11, 449, 000 1.6 27. 98 
WAGE ATisaS eee ar ne ST On 69 | 11, 286, 000 1.6 24. 13 
All other States (see Summary, p. 42).......-.-.---- 1, 135 57, 820, 000 8.3 | 25. 43 

1 Sugar (or hard) maple (Acer saccharum) is cut principally in the Northern States. 
Silver (or soft) maple (Acer saccharinum) is also cut in the Northern States. 
Red (or soft) maple (Acer rubrum) is the principal species cut in the Southern States. 
Mountain maple (Acer spicatum) and striped maple (Acer pennsylvanicum) are cut in the Eastern States. 
Oregon maple (Acer macrophylium) is cut in the Pacific Coast States. 

GUM. 

The cut of red gum in recent years, when the production of other 
woods declined, either increased or underwent little or no change. 
In 1918, however, the reported total production of 651,545,000 feet 
was 79,000,000 feet below the total cut in 1917, or 11 per cent. In 

Arkansas, in which State approximately one-third of the aggregate 
output of all States is sawed, the decrease in cut amounted to 15 per 
cent. The decline was shared in by all of the States with the excep- 
tion of Alabama, where a slightly increased output advances the State 
from sixth to fifth place in rank of production. 

The average value of $23.21 is an increase above the 1917 average 
of $19.56 of $3.65 per 1,000 feet, or 19 per cent. 
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TaBLE 16.—Reported production of gum! lumber, 1918. 

[Computed total production in the United States, 765,000,000 feet. ] 

Number of A VETRE 
; active Quantity re- value per 

State. mills re- ported. Percent.) 1 000 feet 
porting. f.o.b. mill, 

Feet b. m.. 
(Umited (Statesteeetece: a ene eee. cee 1, 604 651, 545, 000 100. 0 $23, 21 

Arnica sasuen meee ois. Si Reape ie eee 239 196, 359, 000 30. 1 22. 64 
IMISSISSID Dis cae et eee See as cemeeeean ae ees? 185 148, 538, 000 22.8 26. 62 
IOUISIAN Ae aoe ets Ieee oe ee ee heee fesse 82 104, 514, 000 16.0 22. 02 
MeNNESSCO. scecs Shee. c ae sd Seca ca ne costae menecae ees See hey! 56, 198, 000 8.6 23. 14 
PAUL IS O11 See peter te aie Saas Sart Se eee ey rae 90 29, 439, 000 4.5 20. 90 

MASSOUITL xe ceas Seo see et Aeneas Doses eee seease asa 57 24, 037, 000 3.7 22. 72 
Wexasi i castes = anne = 51 16, 448, 000 2.5 19. 53 
South Carolina. . Pash 3 30 15, 576, 000 2.4 21. 06 
Ming ini ate es ee 104 11, 036, 000 ei, 18. 61 
RON TUCK Ys jie 22% ona estes s dcisig nacseasrctleeace'd 46 9,151, 000 14 22. 09 

North Carolinas) sscesesectecascacrcseee see aes 107 8, 136, 000 1.3 18. 10 
Georgia ee Se ee ee cece ete Se ee ini ea ccyere cae 35 7, 723, 000 1.2 21. 74 
OIGHOMS. Secs to wk eee sas eeoneoes atten 6 6, 871, 000 thal 23. 70 
All other States (see Summary, p. 42),..--...--.-.-- 385 17,519, 000 2.7 24,15 

1 Red (or sweet) gum (Liquidamber styracifiua) is the only species that goes into red-gum lumber. Com- 
mercial sap gum is the sapwood of the red gum. 

CYPRESS. 

The falling off in cypress production was more marked than for 
any other one wood. The decrease in reported production was 
339,000,000 feet, or 37 per cent. The reported cut in 1918 was 
578,026,000 feet. The cut in Louisiana, in which State 51 per cent 
of the country’s cypress was produced, declined from 509,659,000 
feet in 1917 to 296,986,000 feet in 1918, or 42 per cent. Florida’s 
cut was 85,376,000 feet in 1918, or 49 per cent less than the 
166,857, 000 feet of the year before. South Carolina ranked third 
among the cypress-producing States in 1917, with a production of 
59,107,000 feet. In 1918 the cut dwindled to 28,898,000 feet, or 
half as much as the year before, and the State dropped into fifth 
place. In 1918, the number of mills reporting totaled 587 in com- 
parison with 654 for the preceding year. 

The average value of cypress took an upward turn of 28 per cent 
from the average of $23.92 in 1917 to $30.56 in 1918, an increase of 
$6.64 per 1,000 feet. 
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TasieE 17.—Reported production of cypress ' lumber, 1918. 

[Computed total production in the United States, 630,000,000 feet.] 

Number of a VOraSe 
: active Quantity re- value per 

State. mills re- ported. Per cent.| 1 000 eet 
porting. f. 0. b. mill. 

Feet b. m. 
(UmitediStatesa nee mmece eesti atateae ssa. 587 578, 026, 000 100.0 $30. 56 

IDGOMIGTeNNE). 4“ es CodoecndscuasoEesbooctolsoodeomodads 91 296, 986, 000 51.2 30. 60 
TEVVOGENS «, 2 2 Siac MONG RO ACe Wate eR aan a 3 85, 376, 000 14.8 34. 69 
(CGR le: a a Ue ea oes: al 32 41, 836, 000 7.2 30. 90 
JNA PINES 5 OO aaboooeno lb ccdeuuaoon econo sbUseuboaE 123 40, 638, 000 7.0 26. 56 
MoupinC@anoliaram se Seen si ecine eai-teie = aletereivic ateie sieleeie(s 28 28, 898, 000 5.0 33. 62 

IVINS OUP os See RINGS Genicn Notice tmeccc calcein ale 45 22, 256, 000 3.9 24. 48 
Mbiacicslppin tee oe oe Pee ee 61 17, 711, 000 3.1 30. 52 
“UNSDCIIC. sos odbaspoquoDESpocadbeoduosndeanepesuos 55 13, 581, 000 2.4 26. 05 
INOnia Of Oline) Wasoeepo Sebo se ao SESE esos eeoaeceeere 53 13, 001, 000 2.3 24.13 
TREAT): o SB Raa ik eee ear A ae Pe 20 6, 008, 000 1.1 31.27 

All other States (see Summary, p. 42)........-.-.-- 46 11, 735, 000 2.0 27.19 

1 Bald cypress ( Taxodium distichum) is the one species cut as such. 

REDWOOD. 

Redwood production was reduced 44,000,000 feet from the re- 
ported total of 487,458,000 feet in 1917, a decrease of 9 per cent. 
Forty mills reported cutting redwood in 1918 and but 36 mills the 
year before. The statistics given are believed to cover practically 
all of the redwood cut. 

The average mill value of redwood was $21 in 1917 and $24.30 in 
1918, an advance of $3.30 per 1,000 feet, or 16 per cent. 

TABLE 18.—Reported production of redwood! lumber, 1918. 

Number of i Average 
active uantity value per 

State. mills reported. Per cent. 1,000 feet 

reporting. f. o. b. mil 

Feet b. m. 
WmitedyStatesms eyes os susan saci ctoe ene 40 443, 231,000 100.0 $24. 30 

Callifonmacer esse tee eases eae ec nee aeons 40 443, 231, 000 100.0 24. 30 

1 Redwood (Sequoia sempervirens) is the species chiefly cut. Bigtree (Sequoia washingtoniana) furnishes 
a minor part of the redwood production. 

CHESTNUT. 

The reported total cut of chestnut, amounting to 344,929,000 feet, 
was a decrease of 10 per cent from the 1917 cut. The decline in 
West Virginia was 22,000,000 feet, or 21 per cent. That State pro- 
duces approximately one-fourth of all the chestnut sawed into 
lumber. Pennsylvania, with an increased output of 3,000,000 feet, 
or 7 per cent, was the one State to show an advance in 1918 over the 
year before. 

The average value of $27.31 per 1,000 feet reported for chestnut 
is $5.77, or 27 per cent, over the 1917 value. 
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TaBieE 19.—Reported production of chestnut! lumber, 1918. 

[Computed total production in the United States, 400,000,000 feet.] 

Number of Average 
active Quantity value per 

State. mills reported, | Per cent.) 1 000 feet 
reporting. f. o. b. mill. 

F cet b, m, 
Wimitedistates aaa. oSasnas 2 as anak nee eee P 2,515 344, 929, 000 100.0 $27. 31 

EWG esr SUIT 6 ceceeneser a cle Sic arsicpct ha verescicracier eee ose a 258 85, 123, 000 24.7 30. 14 
INOGtn Carolinas. jonce cece 5s thence oes Soe 182 48, 720, 000 14.1 24.15 
egavaudkewys kids) alte yee =soyny Bes Phi meee sete eS ie beter epee er 482 42, 880, 000 12.4 27.02 
SV LT TIN ye Se ete as erat Seba tps eci stare tire Satataensie ais arses 188 41, 866, 000 12.1 25. 87 
Cornecticute sa aces sebccis sae aceiie- eee etaee wae 112 28, 250, 000 8.2 29. 24 

ERETIMESSOOs fs eeaatete arti cities saicis Sante fem ne ieee aerate 232 26, 741, 000 7.8 25. 50 
Massachusetts 121 17, 201, 000 5.0 25. 87 
New York.. Set 2 371 14, 115, 060 4.1 28.74 
Kentucky ce -2 sconces ceercsc se. 198 11, 069, 000 Bee 25. 50 
aI aned Eo Wra 0 epee eee nore inact Ee Sep re tee 91 8, 417, 000 2.4 25. 80 

OOM asa. shsiianers eae eee ee en(-cro eens 139 4,990, 000 1.4 27. 28 
RhodeIslind's 5085s tas eek acess bent aet es ssciceecr 16 4,516,000 13 28.15 
ING Wi) CLSOY ps 2 feceree de esas ae a teas ee eee eae 49 3, 793, 000 1.1 32. 24 
IN Gweblam DSliTe: em secre eh eee eee eats 40 3, 659, 000 sil 24.79 
<CL210) of: ie, ieee oe ie DR earn Se ieee 4 2,668, 000 8 29. 32 

Ali other States (see Summary, p. 42)....-.. Vela eet 32 921, 000 5) 24. 43 

1 Chestnut ( Castanea dentata) is the only species included in chestnut lumber. 

BIRCH. 

The quantity of birch reported sawed, totaling 316,101,000 feet, 
was less by 18 per cent than in 1917. The combined cut of Wiscon- 
sin and Michigan forms two-thirds of the aggregate produced in the 
United States. Wisconsin’s cut in 1918 was less than the year before 
by 47,000,000 feet, or 22 per cent, and that of Michigan by 13,000,000 
feet, or 21 per cent. An iacrenced output of 3,000,000 fect in New 
York over the year before lifted that State from sixth to third on 
the list of producing States. 

The advance in the average value of birch was from $24.07 to 
$29.94 per 1,000 feet, a difference of $5.87, or 24 per cent. 

TaBLE 20.—Reported production of birch! lumber, 1918. 

{Computed total production in the United States, 370,000,000 feet.] 

Number of " Average 
active Quantity value per 

State. mills reported. Per cent.| 4 000 feet 
reporting. f. o. b. mill. 

Feet b. m. 
Umited States. c-c.ee- tee eee eee 1, 842 316, 101, 000 100.0 $29.94 

IWASCONSIN 225. 3 Grescce see SSSR eer 226 161, 968, 060 51.2 30. 14 
Michigan : 131 48, 807, 000 15.4 30. 59 
New York.. : 372 21, 002, 000 6.6 30. 32 
MiGANG! oe oe oye cee raee : 137 17,071,000 5.4 32. 28 
Vermont 197 16, 913, 000 5.3 29. 23 

IWIGSE Vir SUIT AEA 2s cate carats iy area gaie ate ajo cia ae 92 15, 678, 000 5.0 33. 87 
IN GW: ELAM DSHITO x top syyeete crs acite eeiclers ae eee setae eee 106 9, 364, 000 BH) el 1) 
MintiesOfaetsc eee. oust la te he, ee mee eed oe 66 7, 769, 000 2.5 1.95 
Penns yilVamiay so4 o.oo eat, oats on oa etecineeiois eee mie 180 5, 425, 000 LG, 28.16 
IMaSSaCHUISGT ES: seme coma ate pene Nene ee 65 3, 412, 000 tial 23. 20 

All other States (see Summary, p. 42)..........---- 270 8, 692, 000 228 24. 64 

rae Yellow birch (Betula lutea) is the principal species cut in the Lake States, New England, and New 
ork 
Paper birch (Betula Be pyrifera) and white (or gray) birch (Betula papulifolia) are also cut to a limited 

extent in New England. = 
Sweet (or cherry) birch (Betula lenta) is cut in West Virginia and Pennsylvania. 
River (or red) birch (Betula nigra) is cut in the Southern States. 
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LARCH. 

The reported cut of larch, known as tamarack in the Lake States 
and the Eastern States, amounting to 333,243,000 feet, was within 
1 per cent of the total for 1917. Montana, which has led in the pro- 
duction of larch, cut 16 per cent less than in 1917, and gave way to 
Idaho in first place. The output in 1918 in Idaho amounted to 
119,941,000 feet, an increase of 20 per cent. Washington mills en- 
larged their reported output from 34,242,000 feet in 1917 to 48,248 ,- 
000 feet in 1918, or 41 percent. The cut in other States was smaller 
than that reported for the year before. 

The average value of larch went from $16.21 to $19.86 per 1,000 
feet in 1918, an increase of 23 per cent. 

TaBLeE 21.—Reported production of larch + (tamarack) lumber, 1918. 

[Computed total production in the United States, 355,000,000 feet.] 

Number of Q a = NelBEe 
active uantity value per 

State. mills reported. Per cent. 1,000 feet 
reporting. f. 0. b. mill. 

Feet b. m. 
WIT TEGO CALOS eto ears n tea ia aa 492 333, 243, 000 100.0 $19. 86 

TWGMEN OG) 2 oe i os 2 a ee sve ne ECU 58 119, 941, 000 36.0 19.50 
IMO TIGA ayaa esas ce ou leery Wises fel NEN SE a 34 114, 250, 000 34.3 20.70 
VSO OT OTeee eran ene ere Ta ee i a ea 60 48, 248, 000 14.5 15.04 
IVWVARSCOTISITIRR OME ree MOLE Men NL ERE. Pear Ne Gaui ie 3. 113 16, 496, 000 4.9 26.25 
Oregoneeee aes eee ees os Grete Tes aislte tyne ain) RTL Om Ores 16 12, 841, 000 3.8 18.17 

MaTIIeSO Lamers hea kane a IDE Mace i Mo 97 11, 890, 000 3.6 23.06 
IOGear 82 9,348, 000 2.8 25.76 
All aiReE States (see Summary, p. 42).--.....-..--. 32 229, 000 1 26.60 

1 Western larch (Lariz occidentalis) is the species cut in the Inland Empire and the Pacific Northwest, 

Tamarack, or larch (Lariz larcina) is cut in the Lake States and New England States. 

BEECH. 

The reported total output of beech of 255,440,000 feet was smaller 
by 23,000,000 feet, or 8 per cent, than the 1917 cut. The production 
of beech is well distributed among the States, no Commonwealth or 
region dominating the cut. West Virginia with an increased cut of 
3 per cent over the year before displaced Indiana in second position 
in rank of producing States. The output in New York and New 
Hampshire was larger than for the year before. 

The average mill value for beech of $25.06 was $5.48 per 1,000 feet, 
or 28 per cent, above the 1917 value. 
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TABLE 22.—Reported production of beech! lumber, 1918. 

[Computed total production in the United States, 290,000,000 feet. ] 

e 
. Number of 6 ze varage 

active uantity value per 
State. mills reported. | Fer cent. 1 000 teet 

reporting. f. o. b. mill. 

Feet b. m. 
WNIteGsSbALCS=. on. eu aioce cee cece a cae ees 2,502 255, 440, 000 100.0 $25.06 

Michi sa rises sae Betis Sw. a nuyanea ne a See ee 143 46, 181, 000 18.1 25.52 
WiOSG) VALSIN Bootes ae a ooS oe oe e eee pe meeeaie 148 36, 631, 000 14.3 26. 87 
EN CTANG ose tee ery. oe ee sree 2 Sar eee eae mend 281 34, 212, 000 13.4 26. 74 
Pennsylvania cc cossscc- os thetcaegers soreeee secs _ 239 32, 249, 000 12.6 25.22 
NewYork =~ 22-25: Bees Buse hea oe ee ere ais 567 31,573, 000 12.4 24.96 

TNT OE earth AE pe area cg 294 23, 733, 000 9.3 23. 82 
Kentucky...--..<..- , eee SC me aaa e saan eae 212 18, 438, 000 Tae 20. 68 
IPONNOSSCOs ee eiatee ete es nae tee are se ee ee este 119- 5,694, 000 2.2 22. 84 
IViOTIMON Eons oe Se sare yan s steve.s:2 aloee ee oie siecle 113 5,575, 000 2.2 25.20 
(OUISIAM Ajo 5 ooo te ete eee ceseeis eee coats cements 12 4,574,000 1353 23.03 

VAT SITAR oie eh eect tareatelts aut eine ese ou ee eit ciere 55 3, 663, 000 1.4 23.76 
New Ham pshire::.< -.)o 2222402 een oo scdee ce oe async 55 3, 096, 000 1.2 25a23 

3.9 23.83 Allother States (see Summary, p. 42)--......-.-... 264 9, 821, 000 

1 Beech ( Fagus atropunicea) is the only species that goes into beech lumber. 

YELLOW POPLAR. 

Yellow poplar production, which declined 17 per cent in 1917 from 
1916, fell off 26 per cent in 1918 from 1917. The cut of 241,963,000 
feet reported in 1918 is but little more than one-fourth of the quan- 
tity reported cut in 1909. The cut in 1918 slumped 34 per cent from 
the 1917 figure in West Virginia, 15 per cent in Tennessee, 24 per 
cent in Kentucky, 8 per cent in Virginia, and 24 per cent in Georgia. 

The average mill value for yellow poplar in 1918 was $35.06 per 
1,000 feet; in 1917 it was $27.17; so that there was an advance of 
29 per cent for the year. 

TABLE 23.—Reported production of yellow poplar lumber, 1918, 

[Computed total production in the United States, 290,000,000 feet.] 

Number of é AvataEe 
active uantity value per 

State. mills reported. | Per cent.! 1 000 feet 
reporting. f. o. b. mill, 

Feet b. m. 
United States 2,011 241, 693, 000 100.0 $35. 06 

Wiest VArpiniate ena. soe sears tere aoe 216 52, 462, 000 21.7 39. 40 
Penn esSe@ 25a. vee Seen oce Sas dienes ces ae 335 41, 338, 000 17.1 35. 55 
Mirginia: i s.cccsscrseleectdele, 7s ona 232 34, 088, 000 14.1 32. 59 
ISONUCK Ys eene ees e ieee nee 3 150 31, 940, 000 13.2 33. 53 
COLL Ae emcee aes see oe cee eel = 48 21, 538, 000 8.9 37.63 

North Carolina 2 230 20, 336, 000 8.4 29. 30 
MADAM Bros. 2 2 aa. oo oeicbinioucesaccaotecre 124 12, 311, 000 5.1 27.78 
(OHIO ae meer seen aee a seer ae 154 8, 683, 000 3.6 43. 60 
INGIANe os oeiccS- soem tees 3 140 5, 979, 000 2.5 41.54 
PENNSYLVANIA. @ 5 ohio Se cles oeeeninee = 128 38, 507, 000 1.4 32. 26 

South Carolina se 41 2, 624, 000 1.1 31.17 
MIUSSISSIDDE sia is = = sain oasis cee Seniclee since 55 2,318, 000 1.0 28. 37 
Marylan Gees. s-0 awscce eens co tesee bene See Seatac see 38 1, 857, 000 .8 32. 67 

All other States (see Summary, p. 42)....-.-...-... 130 2,712, 000 alpal 27. 53 

1 Yellow poplar (Liriodendron tulipifera) is the only species that goes into poplar lumber. 
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CEDAR. 

Cedar production in the country was 230,476,000 feet in 1918, 
or 11 per cent smaller than in 1917. The cut in Washington was 
smaller than the year before by 33,000,000 feet, or 25 per cent; Wash- 

ington. produced 52.6 per cent of all the cedar lumber in the United 
States in 1917 and 44 per cent in 1918. The cut increased in several 
States—9 per cent in Oregon, 75 per cent in Idaho, 42 per cent in 
in Michigan, and slightly in California. 

The difference in the species cut in the several regions is responsible 
for the wide variation in the average value shown for the individual 
States. In 1917 the average for all States was $19.40; this increased 
$5.46 per 1,000 feet to $24.86 in 1918, or 28 per cent. 

Taste 24.—Reported production of cedar* lumber, 1918. 

[Computed total production in the United States, 245,000,000 feet.] 

Number of 6 he A Yeraze 
active uantity value per 

State. mills reported. | Per cent-| 4 000 feet 
reporting. | f. 0. b. mill. 

| eee 
| Feet b. m. | 

TILOGISLALES aap ees esac ee a ine ae 512 230, 476, 000 100.0 $24. 86 

Wastin s LOD ees ere e see ea te eae. a aeee 87 102, 379, 000 44.0 20.06 
ORES OT ene so eine ins clans Saas nei a)~ ie isiwisiereie)= sie 35 45, 797, 000 19.9 37.15 
TA Sti en a Paria we Fen EP okt eye sa 18 26, 810, 009 11.6 j 21.42 
WallOUni tere o 2 sans Jas oe See nae sm seelnsieiei 37 21, 358, 000 9.3 19.14 
WIIG Ts. 2 ppnocneees suecHaseaosoabOedBecoeaTescr 46 8, 481, 000 3.7 22, 04 

MAT OE erertein see iae Nein ic's ss uleseistetanscee stent 49 6, 241, 000 Dadi 26.34 
UG Gee. so cob eee adeos sodecosuogopperorabesReuads 57 5, 748, 000 2.5 40.55 
WitiIE. 12 CAE ce cae epecasquee + ane uD US coBeeEedaoe 30 3,326, 000 1.4 26.32 
INOEEHNW ALONE aero as aaclicin cists wacis Seinen ancl nts) 30 , 226, 1.4 32.55 
WYHISCONSHIeees seeeiieie tee a safes eae ainssesoae 35 3, 220, 000 1.4 24.11 

All other States (see Summary, p. 42).........-.---. | 88 3, 890, 000 A Be 35.09 

1 Western red cedar ( Thuja plicata) is cut in Washington, Oregon, and Idaho. 
Port Orford cedar ( Chamzcyparis lawsoniana) is cut in Oregon. 
Yellow cedar ( Chamzcyparis nootkatensis) is cut in Washington. 
Incense cedar (Libocedrus decurrens) is cut in California. 

< Northern white cedar (or arborvitz) ( Thuja occidentalis) is cut in the Lake States and the Northeastern 
tates. 
White cedar (or jumper) ( Chamzcyparis thyoides) is cut in the Atlantic Coast States. 
Red cedar (Juniperus virginiana) and southern red juniper (Juniperus barbadensis) is cut in Tennessee, 

Florida, and Alabama. 

TUPELO. 

The total reported cut of 201,103,000 feet of tupelo in 1918 was 

20 per cent under that of the year before. Louisiana’s portion of 
the total cut increased from 51 per cent in 1917 to 61 per cent in 
1918, despite the fact that the State’s output was 5,000,000 feet 
below that of the year before, or 4 percent. Alabama’s cut declined 
37 per cent, North Carolina’s 32 per cent, and South Carolina’s 51 
per cent. The cut in Arkansas jumped from 4,788,000 to 8,786,000 
feet, or 84 per cent. 
A higher average mill value was obtained in 1918 than in 1917, 

the average value of $22.73 in 1918 being an increase of $4.67 per 
1,000 feet, or 26 per cent. 
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TABLE 25.—Reported production of twpelo} lumber, 1918. 

[Computed total production in the United States, 237, 000, 000 feet.] 

Number of Q Average. 
active uantity value per 

State. mills reported. Per cent. 1,000 feet 
reporting. £. 0. b. mill. 

Feet b. m. 
United! States':< sso. seen oe eae una siecese 597 201, 103, 000 100.0 $22. 73 

AS OUISTAT Biscay tafe rae aersraos = eincisiatesilejs Morse ae 59 122, 368, 000 60.8 22.96 
Ma bamawc a. jee ce eacies scat becca sconces messs 31 16, 078, 000 8.0 23. 56 
IN Ong @anolina ese nem cleo cocoa <a eee ee sa aan ee 38 12, 399, 000 6.2 20. 74 
WU bacE Shoo ae UBSEr on Son aBEeaner ts aencdrgranoan sage ~ 63 8, 786, 000 4.4 21.42 
BOUGHIC ar Olin Beate ole soo ee eeiae coer ene emans 14 8, 303, 000 4.1 22.95 

SPENTIGSS CO ia, 5 5/22 aiavoreycle sisters -/asaisia sins Se diae tee aiens semen 76 6, 311, 000 3.1 22. 43 
MiISsiSsSipDlas osu 2 ciscae exh. ss aenere eens chen chee 45 5, 082, 000 2.5 23.74 
IMASS OURS eto. aoe eee e esos cet otee nm cee) nbeceane 34 4, 343, 000 2.2 21.35 
WINN OIS xi fe coe See nseigidee oe sins eis eines ce eee decies 9 4, 332, 000 2.2 23.56 
War SIMI ais sae ciaase ciserace Soles a. inis, aces eects esos cine 44 3, 519, 000 i¢/ 23.54 

All other States (see Summary, p. 42)...-...--....- | 194 9, 582, 000 | 4.8 | 21.60 

1 Tupelo (or cotton gum) ( Nyssa aquatica) is cut in the Gulf States. 
Black gum (or Depperidge) (Nyssa sylvatica) is cut in the Atlantic and Central States and is sold both as 

tupelo and black 
Water gum (Nyssa UEbIDIGN is cut to a small extent in the South Atlantic States. 

WHITE FIR. 

After several years’ continued growth in the production of white 
fir, the cut of 210,750,000 feet in 1918 was 1 per cent under that of 

the year before. The manufacture declined 13 per cent in California 
and Nevada, and 42 per cent in Oregon; it increased 34 per cent in 
Idaho and 38 per cent in Washington. 
The 1918 average value of white fir was $19.61 per 1,000 feet; that 

of 1917, $17.16. The advance was equivalent to 14 per cent. 

TABLE 26.—Reported production of white fir! lumber, 1918. 

[Computed total production in the United States, 213,000,000 feet.] 

Number of a Nes 
active uantity value per 

State. mills reported. Per cent. | 1 000 feet 
reporting. f. 0. b. mill. 

Feet b. m. 
United ’Statesst jcc eae Sonos eee seeees oe 210 210, 750, 000 100. 0 $19. 61 

California (including Nevada)..................---- 54 104, 778, 000 49.7 19. 98 
ACA Onesie nasecec Seca sococ et oeccueees cee semen. 43 50, 070, 000 23. 8 23. 71 
Washington: < sos22)22 ead ages ctceeais cee ee sedicccie-c 35 32, 790, 000 15.6 14. 67 
OTO2OD ones Siescn laws coca was nooweebaceede se ones 36 11, 418, 000 5.4 15. 25 

New Mie xiCOs si2 ose denuun Semelip hoes saecc emecen ts Se 5 5, 913, 000 2.8 14, 31 
WI ORG RT Seis Son eeeris Jose Se Bann Sei oe ances 15 4,523, 000 2.1 19. 96 
Ali other States (see Summary, p. 42).....--...-... 22 1, 258, 000 6 18. 22 

1 White fir (Abies concolor) is cut only in the west. 
Marketed as white fir are: 

Grand fir (Abies grandis), cut mostly in Idaho and Montana. 
Silver fir (A bies amabilis), cut chiefly in Washington. 
Red fir (Abies magnifica), cut chiefly i in California. 
Alpine fir (A bies lasiocarpa), cut chiefly in the northern Rocky Mountain and Cascade Mountain region. 
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BASSWOOD. 

Basswood a neanation, reported as 174,661,000 feet in 1918, was 8 

per cent below that of 1917. In Wisconsin the cut was 7 per cent 
greater than the year before, and the State’s proportion of the entire 
output of the country increased from 35.5 per cent to 41.5 per cent. 
Michigan’s production decreased 22 per cent and West Virginia’s 
19 per cent. 
An increase of $8.04 per 1,000 feet—from $25.96 in 1917 to $34 in 

1918—took place in the average mill value for basswood. The 
increase is 31 per cent. 

TABLE 27.—Reported production of basswood! lumber, 1918. 

[Computed total production in the United States, 200,000,000 feet.] 

| N pase of a Average 
active uantity | value per 

State. mills reported. Per cent. 1,000 feet 
reporting. | f. 0. b. mill. 

| Feet b. m. 
WmitediStatese: esetces Cosa a cca Soest | 2,102 174, 661, 000 | 100.0 $34. 00 

EWASCOMSI settee rctoserle inte ctie's scinisioiaisiciacieiticciestee siete 259 72, 462, 000 41.5 34. 68 
MCh BATE pete ciemmmee enone one cnen Salem isle Saisamion 162 29, 788, 000 17.0 36. 04 
AVES UR VAI CATT os Cr eierels cis a cicic Sane ciejne one = coe ins Ste cisie 141 17, 195, 000 9.9 35. 34 
ING Wa OL Keser ees cee Se eseuiaes aoweee cae es wean 539 12, 265, 000 7.0 33. 12 
WAIT SAT et rales nwicisloiws cin seieiisicinlninices cioeen oe 57 5, 895, 000 3.4 36.13 

FROMM OSSOO se seer eta teccsio tie = arsine ee ejeieiciecieeicjre sizeie © 63 5, 013, 000 2.9 32. 00 
Indiana seeacenc esiscie sc 100 4, 805, 000 Ohh 34.13 
O é ae nel 138 4,775, 000 ON, 32.34 
North Carolina..... ae as 65 4,718, 000 2.7 30. 09 
KG TUGU Clay eerie eta alstnta fein oletnievsjinre sine miniereieleisinro\sin\elcis = sie 65 4, 249, 000 2.4 28. 94 

CTS Yili ae per was taiets Sickel isis ee aoe ioe eels 140 3, 437, 000 2.0 29. 33 
MMeTIN ONT Rsee sen enenecice cc ciecc cain c acne oene cece 117 3, 286, 000 1.9 32. 33 
NEITINGSO LAr Eee ee arcine o eciccle someone te ce segs 77 2, 968, 000 NE Qui: 
All other States (see Summary, p. 42).-.-.......... 179 3, 805, 000 2.2 28.07 

i Basswood (or linn) (Tilia americana) is cut in the Lake States. 
White basswood ( Tilia heterophylia) is cut in the Appalachian Mountain region. 
Downy basswood ( Tilia pubescens) is cut in limited quantity in the Southern States. 

ELM. 

The reported cut of elm in 1918, amounting to 166,481,000 feet, 
is 13 per cent smaller than that for the preceding year. The cut in 
Wisconsin, the leading State in production, was less than 1 per cent 
smaller than in 1917. <A decrease is recorded of 20 per cent in Mich- 
igan, 14 per cent in Arkansas, and 25 per cent in Indiana. 

The upward trend in prices carried the average mill value from 
$23.89 in 1917 to $28.19 in 1918, an increase of $4.30, or 18 per cent, 
per 1,000 feet. 
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TABLE 28.—Reported production of elm' lumber, 1918. 

[Computed total production in the United States, 195, 000,000 feet.] 

Number of Q i BN EEBES 
active uantity value per 

State. mills reported, | Per cent.) 4 000 feet 
reporting. f. o. b. mill 

; Feet b. m. 
WnitediStateses.ccosscesssccecesceecasedece te 2,099 166, 481, 000 100.0 $28.19 

WASCONSIN. suaidics suistncs ces Sted acaetem ence bectes ae 232 45, 889, 000 27.6 30.10 
Michigan: jaaaace cc: ce So tecsacsusasenteccueswemeeece 171 28, 841, 000 17.3 32.18 
Nricanisga te eae his She am eee casas teas 91 18, 692, 000 11.2 25.19 
INILIAN SY fee SUR tok steno oe U Stace tows eee 222 12, 876, 000 Teh 30. 13 
OT ee ee a ree eee vs anne aan Cunaenueee 230 11, 068, 000 6.7 28.77 

Meni esceas ses awe Pee ob eee used cnet a deee liz 10, 450, 000 6.3 23. 68 
MPSS OUN acu tre cereus eas teesee toes: 100 9, 270, 000 5.6 21.81 
MASSISSIP Plc aietemiesecieceeie 64 7, 238, 000 4.3 25. 83 
New York. . . 339 6, 291, 000 3.8 27.35 
UTOUIS IA Ta ene eee ene coc ecinsmeieiaet cree ecco nee 34 4, 467, 000 PAT 23.85 

All other States (see Summary, p. 42).............. 504 11, 399, 000 6.8 22. 30 

1 White (or soft) elm ( Ulmus americana) is cut in all of the States east of the Rocky Mountains. 
Slippery (or red, or soft) elm ( Ulmus pubescens) is cut in the same region as white elm. 
Cork (or true rock) elm ( Ulmus racemosa) is cut in the Lake States. 

és wane elm ( Ulmus alata) and cedar elm ( Ulmus crassifolia) are occasionally cut in the lower Mississippi 
alley. 

COTTONWOOD. 

In line with the reduction generally in the cut of other woods, the 
reported production in 1918 of 148,327,000 feet of cottonwood repre- 
sents a falling off of 17 per cent in the output compared with the year 
before. The decrease amounted to 28 per cent in Mississippi, 39 per 
cent in Arkansas, and 37 per cent in Louisiana. 

The average value of cottonwood went up $2.84 per 1,000 feet— 
from $23.19 in 1917 to $26.13 in 1918—an advance of 13 per cent. 

TABLE 29.—Reported production of cottonwood! lumber, 1918. 

[Computed total production in the United States, 175,000,000 feet.] 

| Number of Q Average 
active uantity value per 

State. mills reported. Per cent. 1,000 feet 
reporting. f. 0. b. mill. 

Feet b. m. 
WniteduStates:. cece scicsmceetcerecoactesssece 796 148, 327, 000 100.0 $26. 13 

Mississippi saz escenececees- Seen soeecnes sceceeaaesae 51 34, 345, 000 23.2 27.36 
ATKATISAS vocrsic.cicio cise aio Seieicisie's cizizitiesiae siete els Sistercieieisle ore 46 28, 281, 000 19.0 29.15 
Munn CSO GALS. vein ecimicw Sea a cetnetene He a aie aces 2 = Soot 83 21, 721, 000 14.7 17.85 
FLENNESSEO=h, ss oe Pasacasors choke citot es seine sees cee 37 15, 844, 000 10.7 27.81 
MH OUISION As Hh eee OES NSE Aa Seema Ra ed 29 13, 436, 000 9.1 27.45 

IMIS OUD eee eee ake ne ae eee tenes 48 6, 114, 000 4.1 26.94 
Michigan. Sts jes ee oes oe oa aa seiee ee ceeeore nus 39 2, 892, 000 1.9 27.24 
GONG UCKsy aerate eee eee ee eee ee ets acee 27 2, 298, 000 1.5 28. 23 
Oklahoma 2.2.e ci sic. a siciaisie, cnx sAjaiatsiei nia: eresisjecals,= je siete 11 2, 180, 000 1.5 24, 28 
Wiistonsinsss..2-Ss.ccmacdeosecesastartescecenc- ane 30 2,014, 000 1.4 25. 85 

All other States (see Summary, p. 42). .----...---- 395 19, 202, 000 12.9 25. 95 

1Common cottonwood (Populus deltoides) is the species most commonly cut east of the Rocky Mountains 
and more particularly in the lower Mississippi Valley. 
Swamp cottonwood (Populus heterophylla) is cut in the Mississippi Valley States. 
Aspen (or popple) (Populus tremuloides) is cut in the Lake States and the Northeastern States, and toa 

limited extent in the Rocky Mountains and farther west. 
Large-toothed aspen (Populus grandidentata) is cut in the Lake States and Northeastern States. 
Balm of Gilead (Populus balsamifera) is cut in the Lake States and Eastern States. 
Black cottonwood (Populus trichocarpa) is cut in the Pacific Coast States. 
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ASH. 

The reported output of ash in 1918, totaling 147,414,000 feet, was 
within 7 per cent of the cut for the previous year. In practically 
every State the production was smaller; the decline in Louisiana 
amounted to 9 per cent, in Arkansas 7 per cent, in Tennessee 5 per 
cent, and in Wisconsin 6 per cent, while the output in Indiana was 
nearly the same as in 1917. 

Ash has next to the highest average value of any domestic wood. 
A 29 per cent increase in the average value took place during the 
year. The 1917 value was $30.01; the 1918 value, $38.70. 

TABLE 30.—Reported production of ash* lumber, 1918. 

[Computed total production in the United States, 170,000,000 feet.j 

| Number of | owauee A vETEe 
active uantity value per 

State. mills reported. Per cent. 1,000 feet 
reporting. £. 6. b. mill 

Fee b. m. 
Ma ILOOISEALCS oo cones oo fotos c cckctc be eccesess eee 826 147, 414, 000 100.0 $38.70 

LLDTSTT ee ee EEE [= sees 19, 497, 000 [93.2 | 2 34.76 
JCA SEIT Ga SS OR ae 102 19, 321, 000 13.1 39.05 
IVETE ESS Te i A ee ae ae eS eee 151 12, 938, 000 8.8 44.05 
USGS nn = Re Soo eae eases 162 12, 887, 000 8.7 32.13 
as ees ee sete sccccccccccctccssmns 195 12, 300, 000 8.4 50.91 

INE WANT er enc a sat cc ae a Soros oh ow eee ee bleee 548 8, 974, 000 6.1 39.49 
DU oa RR ae ar ea ee 217 7, 873, 000 5.3 48.97 
IMISSISGID PI enone aceon see toc ons Leccshcadessccnes 80 7, 250, 000 4.9 40.50 
VEST ANSE Iri ee Ee SOA 107 5, 854, 000 4.0 43.89 
MSC Ase ee oe ate sae hata wc ccc nisicb ees coweecis | 134 5, 627, 000 3.8 33.29 

ISS dl3 25S ee ae eee 54 5, 442, 000 3.7 35. 58 
CT Td - a Soe Se ee eee 124 4, 128, 000 2.8 35.24 
All other States (see Summary, p. 42)......-.-.---- 830 25, 323, 000 17.2 33.37 

1 Lumber trade practice specifies white ash and brown ash. The former is cut from the white ash tree- 
and the latter from the black ash tree. 

Green ash ( Flarinus lanceolata) is cut in the Southern States. 
White ash ( Flazinus americana) is cut in the Central States. 
Black ash ( Flazinus nigra) is cut in the Lake States and Northeastern States. 
Red ash ( Flazinus pennsylvanica) is cut in limited quantity in the Eastern States. 
Oregon ash ( Flarinus oregona) is cut in the Pacific Northwest. 

SUGAR PINE. 

Decreased manufacture of sugar pine to the extent of 16 per cent 
took place in 1918 from the year before. The total output reported 
was 111,800,000 feet. A reduction in the number of active mills is 
noticeable for both California and Oregon. 

The average value of sugar pine was $28.26 per 1,000 feet in 1918, 
an increase over the 1917 value of $3.57, or 14 per cent. 

TABLE 31.—Reported production of sugar pine* lumber, 1918. 

| Number of Q Average 
active | uantity value per 

State. | mills | reported. Per cent. 1 000 feet 
| Teporting. | |= o. b, mill. 

; | Feet b. m. 
BILE SE ALCS Mer 2s ae te Se See uN 5A | 111, 800, 000 100.0 | $28.26 

Seiivinr nine ane Sere ee | 43 108, 423, 000 97.0 28.52 
ORERGT 32 S5e 55592 ae eee ee eee | il 3, 377, 000 3.0 20.14 

1 Supae pine (Pinus lambertiana) is the only species cut as such and is found only in California and south. 
ern Oregon. 
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be HICKORY. 

Hickory and walnut were the only hardwoods the production of 
which was greater in 1918 than in 1917. The reported cut of hickory 
was 89,405,000 feet, an increase of 8 per cent. Contributing to 
this larger total was an increased cut of 18 per cent in Arkansas, 
11 per cent in Tennessee, and 19 per cent in Mississippi and Indiana. 

The average mill value of hickory of $37.95 per 1,000 feet was 
$8.47, or 29 per cent, more than the corresponding figure for 1917. 

TABLE 32.—Reported production of hickory + lumber, 1918. 

[Computed total production in the United States, 100,000,000 feet.] 

Number of Q Average 
active uantity | value per 

State. mills reported. Per cent.) 1 900 feet 
reporting. | f.o. b. mill. 

Feet b. m. 
United: States. coe .ccnssese cose eseseeesee ses 2,127 | 89, 405, 000 100.0 $37.95 

PASTIC ATI SAG ere ee wee a ee en en hare Meete ein) Saran e 122 14, 805, 000 16.6 39.49 
RENN CSSCO se sos wets ae Gae © sae ae eieleeis «cleo tataieinn eis 208 12, 243, 000 13.7 39. 48 
MississiD Dit sesss Sse teen ones cee eee cee 68 8, 764, 000 9.8 37.23 
WeeSt: Varela cicc.c a cgsedeccchaceeees tocemeeescse 158 8, 759, 000 9.8 32.60 
d GaY6 beat: eed eT ate Ar yea ere mr 217 8, 666, 000 9.7 42.14 

ORIOG: feo Sele oe ieee cere rage seen ae pees 260 5, 623, 000 6.3 41.42 
BUSTS VERT hare aa ete ere 29 5, 398, 000 6.0 41.74 
Reontick cates. 22.0 sat es eee ees eee ec 163 5, 103, 000 5.7 31.78 
RennsSy IVAN ccc sscsesmes toss Soote ce esee eee ees 177 2, 982, 000 3.3 35.17 
Virsinigs eee ses sat Sane ene hae yt sees seas 122 2, 666, 000 3.0 27.40 

MissGutis si cc Bieta cn ccke aurora ae eee 64} ° 2, 466, 000 2.8 37.21 
iNorthi@aroliniesues ce oe eas swe ce ence eee aes 91 2, 057, 000 223 33.31 
All other States (see Summary, p. 42).-....---.--.- 448 9, 872, 000 11.0 39.45 

1 Several species of hickory are cut, the principal ones being shagbark ( Hicoria ovata), shellbark ( Hicoria 
laciniosa), pignut ( Hicoria glabra), bitternut (Hicoria minima), and mockernut ( Hicoria alba). 

WALNUT. 

Stimulated by Government agencies, the production of walnut 
reached a total of 87,305,000 feet in 1918, an increase of 63 per cent 
over the 1917 cut. The Missouri mills more than doubled their cut, 
and the output was larger by 52 per cent in Indiana, 51 per cent in 
Ohio, and 57 per cent in Tennessee, Four mills in Kansas cut 
7,507,000 feet, or nearly 9 per cent of the aggregate production of the 
country. Mills in 34 States reported the manufacture of walnut. 

The average mill value of walnut increased $4.61 per 1,000 feet, 
or 6 per cent, for the year. The value was $72.99 in 1917 and $77.60 
in 1918. 
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-TasLe 33.—Reported production of walnut! lumber, 1918. 

[Computed total production in the United States, 100,000,000 feet.] 

Number of Ones 
active uanti 

State. mills reported. 
reporting. 

Feet 6. m. 
WWamitedsStates=s- cs see es ete ce eee 855 87, 305, 000 

IMIG S OTT eee ays ops oe oe oe aera erate a Mialeln miei wis\eomereye cies 54 29, 277, 000 
IbaGIeOR) ecb be Sous ceo nape eceen ceedeuesancaeocnaa 149 11, 941, 000 
ne aes | Ae ee 110 10, 071, 000 
Mennessee.---------- 222-2 eee ee 108 7, 581, 000 
IKGHIGRE) o23 tbo dgEne nae aoen aoboaes SOenaAeEUoagOrdnS 4 7, 507, 000 | 

MMIII ee IY ee ee 20 6, 130, 000 
OMB. sss okésab oem eoeoon sas aeeondodana ae ccsar eas 22 5, 416, 000 
IRGSet LEN oa couea some ode Eee tee Sa eadeoE he os a asonsar 96 5, 263, 000 
Vircininimee eee ae oh LTE ere ee. Bl 1, 696, 000 
All other States (see Summary, p. 42)..-.---------- | 241 2, 423, 000 

1 Black walnut (Juglans niyra) is the only species cut as such. 

BALSAM FIR. 

| 

Per cent. 

37 

Average 
value per 
1,000 feet 

f. 0. b. mill. 

$77. 60 

85. 92 
80. 99 
89. 07 
58. 04 
59. 33 

82. 83 
78.71 
68. 48 
51.23 
EBL ONT 

Balsam fir lumber production in 1918 declined 13 per cent from 
the year before, the total reported being 65,402,000 feet. Maine 

mills milled 57 per cent of the country’s total output in 1917 and but 
46 per cent in 1918. 
feet and represented a decrease of 30 per cent. 

The cut in this State amounted to 30,161,000 
The cut was less by 

4 per cent in Minnesota, 21 per cent in Michigan, and 17 per cent in 
Vermont. It was larger by 76 per cent in Wisconsin. 

The average mill value of balsam fir jumped from $20.02 in 1917 
to $27.27 in 1918. 

cent. 

TasuE 34.—Reported production of balsam fir lumber, 1918. 

[Computed total production in the United States, 82,000,000 feet.] 

Number of | 

The difference of $7.25 per 1,000 feet was 36 per 

a Gu e: eNGraE 
active uantity value per 

State. mills reported. Per cent.! 1 099 feet 
reporting. f. 0. b. mill. 

: Fee b. m. 
Wmited States ose ass ace eee ese 406 65, 402, 000 100. 9 $27. 27 

IMBNOIGy So 2S cee seasaceorts CUE Ee aeno spe nace H Sma reEras 163 30, 161, 000 46.1 28. 98 
MDNUNESO Me ose cabaenbonakcopBoansas qa LgboeoebeeneEe 59 10, 814, 000 16.5 23. 42 
WWWASCO MSIE re ye eenrerste ern eerie aan iie nae 26 10, 430, 000 16.0 28. 33 
VIN CG aTtee Merete cere welts ain ene a ok ane 37 6, 269, 000 9.6 26. 59 

Vermont..... eset eer er Ae ct 61 3, 527, 000 5.4 22. 76 
ING WELaMIDSDITC) 22 ane ee esse ne nis see eo 32 2,534, 000 3.9 27. 24 
INON/ NC Od a ee Gs Ae OU Ae eI satel sine en aap ie eg 23 1, 469, 000 2.2 27. 46 
All other States (see Summary, p.42)............... 5 198, 000 33} 21. 34 

1 Balsam fir (Abies balsamea) is the only species cut as such. 
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SYCAMORE. 

Sycamore production, totaling 26,283,000 feet, was 8 per cent 
smaller than the cut reported for the preceding year. In Arkansas, 
Indiana, and Tennessee, the three States leading in production, the 
output was smaller; in most of the other States mills reported a 
slightly increased cut. 

The average mill value for sycamore in 1918 was $23.59 per 1,000 
feet, compared with $18.68 in 1917, an advance of 26 per cent. 

TABLE 35.—Reported production of sycamore' lumber, 1918. 

[Computed total production in the United States, 30,000 000 feet.] 

Number of 6 | areee 
active uantity value per 

State. mills reported, | PeF Cemt.| 4 009 feet 
reporting. f. 0. b. mill. 

Feet b. m. 
WnLtediS tateseseajepre ease eee eels soe eee 775 26, 283, 000 100. 0 $23. 59 

PAT IKAIISAS= oa ea ee Sac eiaae Pacem eee Mase sceueee 54 6, 437, 000 24.5 23. 29 
Undian asl adseciecsccaatee Cel elvelas cee Sisiiste dae siteerteys 157 3, 457, 000 13. 2 29. 05 
PRONMNCSSCOs See ceaie 2 ae sescins ecm cee escsiekeeweee 74 3, 162, 000 12.0 22.12 
MISS OUT see eee = mecha cey senate cernnias as cee teat 71 2,773, 000 10. 6 19. 48 
OOo sis cea hassajaccewicincies Hoes as seks sa sisseew eon 100 1, 868, 000 eik 26. 80 

TMM OISE hac oc e,ssiseierteclenee = veveroiuese oie ereniae whic are 38 1, 730, 000 6.6 23. 04 
INLISSISSID PItemene eee chicas oak eck ee eeeten eos 27 1, 714, 000 6.5 24. 63 
Kentuck yee os. one ot Sener se = conan g trees 93 1,518, 000 5.8 21. 35 
Womisianae ce ee ees tae ete ete Be ae Rar ee 12 1,075, 000 4.0 23. 98 
All other States (see Summary, p. 42)............-. 149 2,549, 000 nT 21.71 

1 Sycamore (Platanus occidentalis) is the only species cut as such. 

LODGEPOLE PINE. 

The aggregate cut of 12,176,000 feet of lodgepole pine was 2 per 
cent less than the cut in 1917. The mills in Montana reported a 
smaller output, while those in Colorado, Wyoming, and Utah re- 
turned a slightly larger production. 

The increase in the average mill value for lodgepole pine was 
$2.61 per 1,000 feet, or 14 per cent, the average having been $18.34 
in 1917 and $20.95 in 1918 

TaBLE 36.—Reported production of lodgepole pine! lumber, 1918. 

[Computed total production in the United States, 12, 500,000 feet.] 

Number of Average 
active Quantity value per 

State. mills reported. Per cent.| 1000 feet 
reporting. f. 0. b. mill. 

Feet b. m. 
Wnited States 2.22 sas oe ae eee eee ee 75 12,176, 000 100. 0 $20. 95 

Coloradoseeccecna st secee eet eceeceees Bite 22 8, 052, 000 66. 1 20. 48 
Wyoming E 21 2, 153, 000 iad 23.39 
Wiahzeneee = eae il 824, OOu 6.8 22.16 
ANU IC0s 0172110: eee ey Eee Coane i oo Nae Sa OE om yaaa OF 6 729, 000 6.0 17. 78 
All other States (see Summary, p. 42)..-...-.--..+. 15 418, 000 3.4 20. 67 

1 Lodgepole pine (Pinus contorta) is the only species cut as such, 
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MINOR SPECIES. 

In Table 37 is shown the quantity reported sawed of a number of 
woods, both domestic and imported, which have more or less special 
uses and which are in themselves not important enough to be tabu- 
lated and discussed separately. The tabulation also indicates the 
average value reported and the States in which the several woods 
were sawed. Mahogany forms the largest single item listed; the 
production was 17 per cent smaller than in 1917. The reported 
output of locust was almost 5 times greater and that of Spanish 
cedar almost 10 times greater in 1918 than in 1917. 

TABLE 37.—Reported production of minor species, 1918. 

[Computed total production in the United States, 60,963,000 feet.] 

| ‘ Average 

Kind of wood. Paes TNO EEE States reporting. 
f. o. b. mill. 

Feet b. m. 
Rot alse eae ay 56, 079, 000 $82. 80 

Ye hogany St creme eres 21, 474, 000 160. 62 | La. » KY, eeu 
Wiilon/ se css as seeaeeeeee 6, 269, 000 24.90 | La. Ark., Tenn. Ons. Pa., Iowa., N. Y. 
Ghernye eterna 5, 277, 000 43.79 | W. van EeBat CNTY. , Tenn., Ind., N. C., Va., Mass., 

Mich., Ohio, Ky., INES Wis., Nie Conn., La. 
Noble fire eases ke N3 5, 201, 000 18. 82 | Oreg. 
I OCUSTR ene eee ae | 5,020, 000 46.31 | N. Y., Tenn., pres Ind., Ark., W. Va., Va., N. C., 

Pa., Mo., , Ky., Miss.. Md., hio. 
IBUCKeY Cuetec se: 3, 646, 000 29.47 | Tenn., N.C. Re W.Va. Kaye Ohio. 
Spanish cedar... ......- 2) 217, 000 87.65 | La., Ky., Calif. 
CCA epee ni 1, 865, 000 27.91 | La., Ark., Miss., Tenn., Ills. 
Magn oliat Se anne eer. 1,579, 000 23. 52 ae La., Ga. 
TACK Denyse tessa. 1, 133, 000 21. 53 La., Miss., Tenn., Ala. , Ohio, Ill., Ind., Mo. 
ING Bea Ss oe 960, 000 15. 70 Wash. Oteg. = Calif. 
IBUtlennUtpeep ee eee oe 529, 000 30.22 | Wis., W. Va., Mass., Ind., Pa., Va., Vt., Mich., 

N. Y., Tenn., N. C., Ky. 
Jipyrad ales ee eee 300, 000 145.00 | Calif. 
RedeBayeens. reas 268, 000 21.11 | Ga., Miss. 
Grenmbens ee is 130, 000 29.61 | W. Va., N. Y., Pa., Md., Ky. 
PersimmM One ee 70, 000 24.10 | S. C. Miss., Ark., Ga., cieae Tenn. 
Minllbernyoe sone a os 40, 000 20. 63 | Ga., ‘Ry. 
Elormibeams Mes i 40, 000 60.00 | Mass. 
Sassainas pear el te 31, 000 23.19 | Mo., Ark., Miss., Tll., Ky., Tenn., Ohio. 
Boxelderen (2 2); 13, 000 25.00 | N.C. 
ManiOs-A eee ene eee 9,000 100. 00 | Calif. 
Chitin ie 4,000 24.00 | N.C. 
Holly eee a ha 3 3, 000 26.67 | La., N.C. 
Cofieeltree 22252522: 1, 000 30.00 | Ind. 

1 Arbitrary value assigned. 

PRODUCTION OF LATH. 

Lath production in the United States decreased 40 per cent in 1918 
in comparison with the output in 1917. The 1917 cut was 17 per 
cent less than that of 1916. The smaller output reflected the light 
demand and the character of construction work carried on during the 
year; lath production fluctuates each year with the number and class 
of buildings put up. The reduction in lath production was general. 
For each State listed a decrease is noticeable in a comparison of the 
1918 figures with those of the year before. 

The mills reporting their lath cut in 1918 numbered 909, while in 
1917 the number was 1,456. Table 38 shows the number of active 
mills reporting and the production of each for the last few years. 
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TaBLeE 38.—Reported production of lath, 1916-18. 

Moca mills | Quantity reported (number of pieces). 

State. 

1918 1917 1916 1918 1917 1916 

United States..........-. 909 | 1,456} 1,770 | 1,362,187,000 | 2,281,738,000 | 2,754,688, 000 

Louisiana......... Peete: eases 53 68 69 236, 543, 000 348, 806, 000 354, 551, 000 
IMinneSOtasees sas eee se eee 31 45 53 155, 905, 000 213, 092, 000 267, 788, 000 
Washine tones) Soot coc eee 42 58 64 154, 668, 000 230,194, 000 264, 690, 000 
WisGonSintessee secs ees 75 113 121 122, 858, 000 185, 074, 000 218, 598, 000 
Mississippi. ...-.-- secre nies aicla ae 27 33 30 81,598, 000 133, 925, 000 162, 689, 000 

ORG@GON=s2 ee eee so snk 23 32 46 78, 780, 000 132, 418, 000 142, 352, 000 
de Eo Ye eeu ee in Pr) ee 20 22 24 70, 494, 000 86, 264, 000 117,365,000 
MaINGl 2s. a eeeeee ees oe ae ae 50 106 139 62, 671, 000 142, 488, 000 215, 117, 000 
MIlOTI Ga 15 ace oe ee sans 22 27 28 55,171,000 97,954, 000 85, 187,000 
Michivan = 22 secre ste cle fene 42 62 80 48, 533, 000 84,352, 000 109, 323, 000 

West, Virginia: accesses hecieec ees 29 54 80 33, 289, 000 44, 233,000 96, 665, 000 
BA TIRE NISOS © citer ate =o lances: 30 31 30 26, 481, 000 147,578, 000 78, 157, 000 
ATADAMO waco eos eee ee eece ee 18 31 39 25, 227,000 39, 685, 000 64, 922, 000 
Califormiasats<sscesaacceesecsee 10 20 19 22, 281, 000 37,651, 000 30,713,000 

IMontana)= seas ceseeeceee cl Sas 11 16 12 21,903,000 23, 332, 000 25, 522, 000 
TOXAS Na Sa en 0 toe eee owe Bee 11 18 20 21, 866, 000 47,654, 000 42,686, 000 
Allother States (see Summary, 

Pi 42) cicisceinse see ce soe sestnss 415 720 916 143,919, 000 287, 038, 000 478, 363, 069 

PRODUCTION OF SHINGLES. 

Shingle production showed a decrease in 1918 of 35 per cent from 
the 1917 figures. The 1917 output was less by 7 per cent than the 
preceding year. The number of shingles reported produced in 1918 
was 5,690,182,000. The number of mills reporting was 1,052, in 
comparison with 1,619 in 1917 and 1,932 in 1916. The figures would 
indicate the inactivity of 880 mills which were active in 1916. Wash- 
ington’s output of 4,238,714,000 shingles is three-fourths of the whole 
number manufactured in the United States. All of the States, with’ 
the exception of Tennessee, show a decreased production in 1918. 
The decline in Washington was 33 per cent from the year before. 

TABLE 39.—Reported production of shingles, 1916-18. 

Peer ae mills Quantity reported (number of pieces). 

State. 

1918 1917 1916 1918 1917 1916 

Wnited: States #3224: 22-2. 1,052 | 1,619 | 1,932] 5,690,182,000 | 8,696,513,000 | 9,371,333, 000 

AWUEetsl ath aleqioy ote lee ere I eee 158 230 238 | 4,238,714,000 | 6,313,364,000 | 6,739,388, 000 
Ores Ose. 2 oe satsesee ee eee eee- 25 42 50 281, 138,000 481,353, 000 471, 762, 000 
WPOUISIANA eee eee ee 44 55 a} 272, 866, 000 453, 819, 000 404, 263, 000 
Michi fant seca eee 48 69 69 148, 565,000 203, 907, 000 201, 171, 000 
CalifOTNi dam mterecice ae ese cee ee 20 41 52 146, 071, 000 261, 434, 000 348, 622, 000 

WW Orid ase eee 37 49 51 102, 725, 000 148, 792,000 131, 795, 000 
WHASCONSINe eee eee eee 63 73 16) 91,907,000 151, 726,000 175, 455, 000 
MAINO ee nets ae Soa se ose eee 100 150 200 87,193,000 166, 101, 000 217,543,000 
eAN iD BN 8 Seer eee ce ele eae 60 94 113 50,065, 000 54,735,000 81, 414, 000 
North Carolina: o.- 22. cece ce. 66 110 135 48, 080, 000 73, 703, 000 123,959, 000 

CO ((0) 4 ts Nees a eae a Ba 116 148- 46,395,000 112, 430, 000 131, 763, 000 
Tennessee. ....-... oe eee Re ae 45 54 44,760,000 5, 167,000 9,176,000 
Wdahoz re see eas Resa iae 4 Uk 9 32, 893, 000 52,631, 000 79,960, 000 
IATKANSAS Seeeyeece cn acess BY 44 42 25, 870, 006 59, 927, 000 45, 411, 000 
Allother States (see Summary, 
P42) ees eme per arses be 322 494 645 72,940, 000 162, 424, 000 209, 651, 000 
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LUMBER VALUES. 

The average values for lumber shown in Table 40 were determined 
for each species from the individual reports of mills representing 
every variation incident to the logging, transportation, manufacture, 
and sale of lumber. More than one-half of the mills, in reporting 
their cut, furnished values at which sales were made f. o. b. mill. 
These reports were scrutinized carefully and the figures are undoubt- 
edly representative. 

The table shows the average value of the different woods for speci- 
fied years from 1907 to 1918, during which period the lumber industry 
has undergone rather marked vicissitudes. The average value of 
$24.79 per 1,000 feet for all wodds in 1918 is an increase of $4.47, or 
22 per cent, over the 1917 average figure. It is the highest value 
Tecorded for any one year for which statistics are available. Every 
wood listed in the table shared in the advance, some to a much greater 
degree than others, as is revealed in the individual species tables. 

TasLe 40.—Average value per 1,000 feet board measure, by kinds of wood, for specified 
years, 1907-1918. 

l l 
Kind of wood. 1918 | 1917 1916 | 1915 | 1911 | 1910 1909 1997 

SL ISR aEL eae ae | s24.79 | $90.32 | $15.32 | $14.04 | $15.05 | $15.30 | $15.38 | $16.56 
Softwoods: | | 

Mellow Did! 2. = A So ike se tee 24.33} 19.00} 14.33 12. 41 13.87 | 13.29} 12.69} 14.02 
Wouslasiir=: ass 2 se 265. ose 18.77 | 16.28} 10.7 10.59 | 11.05] 13.09| 12.44; 1412 
WW PINICe oss oe o> i eS 30.84 | 24.81 | 19.16 | 17.44] 18.54] 18.93 18.16 | 19.41 
Western yellow pine.......--.---- 20.87 | 19.59 | 14.52] 14.382} 13.62] 1425] 15.39] 15.67 

enn ockas stare 2s e <a ecc see 23.97 | 20.78} 15.35] 13.14] 13.59 | 13.85) 13.95 | 15.53 
Splep Cire eee ei oe aoa 28.65 | 24.41} 17.58| 16.58] 16.14) 16.62| 16.91] 17.26 
(COTDREST 2 eS ee eee 30.56 | 23.92} 20.85} 19.85} 20.54) 20.51) 20.46] 22.12 

NMOUGr esses Seem ee oS ee 24.30 | 21.00; 13.93 | 13.54] 13.99 | 15.52) 14.80} 17.70 
Warch(tamarack)s-) 22522522052 19.86} 16.21 | 12.49] 10.78) 11.87] 12.33 | 12.68 | 13.99 

Wedarn rine ease eS et eae 24.86 | 19.40} 15.24] 16.10] 18.86} 15.53 | 19.95} 19.14 
WANG fire ee sons 19.61 | 17.16; 12.25} 10.94] 10.64} 11.52} 13.10] 15.54 
DUPE DING eee is Le a oe 28.26 | 24.69) 16.77 | 17.40] 17.52] 18.68 | 18.14) 19.84 
BRISA Sean. Soe as ness 2 27.27 | 20.02] 16.49] 13.79] 13.42] 14.48} 13.99} 16.16 
ad repole pie. 2s. ses ese e- 20.95 | 18.34] 15.13 | 13.57] 12.41] 14.88) 16.25] () 

| | } | | 

Hardwoods | 
‘OG Viet BAe ae ee ne ee eed 31.11} 24.45 20.06] 18.7 19.14 | 18.7 20.50 | 21.23 
(Mice eee ee oe a 29.05 | 23.16} 18.24] 15.21 15.49 | 18.16 | 15.77 | 16.84 
Gumyred and sap: 2222-22 22255. 23.21 | 19.56) 1464] 12.5 12.11 | 12.26) 13.20| 14.10 
@hesitintes 5 sere a see 27.31 | 21.54) 17.05! 16.17| 16.63 | 16.23 16.12} 17.04 
BIC teens ote aase ee soetc es oe } 29.94) 24.07} 19.59} 16.52 ' 16.61 47-30 = 16295)\\ 41-31 

IBeechibntis eee eee» awe --| 25.06] 19.58] 16.20] 1401 14.09 | 14.34] 13.25] 14.30 
Wellow poplar ee -cso5ss<2 ce oneee 35.06 | 27.17} 21.89] 22.45 | 25.46 | 24.71] 25.39 | 24.91 

Del Ose aaa Sees wince 22.73 18.06 | 13.00 | 12.25 12.46} 12.14] 11.87| 14.48 
BASS WOOU is pee te oe eae eee 34.00} 25.96} 21.05} 18.89 {| 19.20 | 20.94] 19.50} 20.03 
aoe ee accn a weesewteess. 28.19 | 23.89} 19.46} 16.98] 17.13 | 18.67 | 17.52] 18.45 

| | 

Cafiouwooder 2.2 oe eee ye 26.13 | 23.19 | 17.42] 17.36} 18.12} 17.78] 18.05] 18.42 
Lo\C1 Ci ie a oe aie ey ee (Se oe 38. 7 30.01-} 23.85 | 22.15 | 21.21 | 22.47 | 24.44) 25.01 
IICKOLV Res ae oa eee | 37.95 | 29.48] 23.84] 23.35] 22.47] 26.55] 30.80] 29.50 
BWV ca ED ES Gps eet ht bee sens S 77.60 | 72.99 | 42.38] 48.37] 31.7 34.91 | 43.7 43.31 
DV CAINOLO sae eset oto sos ee case 23.59} 18.68} 14.65 | 13.86| 13.16] 14.10) 14.87 | 14.58 

1 Data not obtained. 
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DETAILED SUMMARY. 

BULLETIN 845, U. S. DEPARTMENT OF AGRICULTURE. 

Tn Table 41 are summarized the data presented in the individual 
species tables, showing, by States, the number of active sawmills 
reporting and their cut of each wood, and in addition the production of 
lath and shingles for 1918. 

TaBLE 41.—Active sawmills (cutting 50,000 feet and over) reporting, and reported pro- 
duction of each kind of lumber and of lath and shingles, by States, 1918. 

State. 

AVR ANSAS As ates secs: a= 
California and Nevada. - 
Colorado:esris.25 Sot 

Connecticut. 2222.--42+: 
Delaware. -:42------.%=- 
WMIOTIda ease stew cesteer 
(ekeva) grat: Pee eee a eR 

MNNOISS selene ate ese 
Indiana. 22. -c2eseee-—— 
TOW so senctoecte seme 
Kansas and Nebraska. - 
Kentucky -2oscs--=--- 

MaIN Geis = sae eeeenicer = 
ISH Anas Le ne Se ee sees 
Massachusetts -...--..-- 
Michigan so- ssc sera 

Minnesota. ssea-- 2 == 
Mississippi....---------- 
MAISSOUDIE 2. = c.asccc = ec 

New Jersey..----------- 
New Mexico.s-22-2..-<.: 

Oresonis=stes.ceece- 22s. 
Pennsylvania........-.. 
Rhode Island.-.....--.-- 
South Carolina. ........ 

South Dakota.......... 
Tennessee...-....-.---- 
ROXAS seve Mea fattees eee 
LD A ese, ere ene eee eee 
WVOrMONt .oieccescteoece< 

WAT SING tye eee oe eee 
Washingtonis. 3. -2-.-.. 
West Virginia.......... 
WaASCcOnSIN= 2. . e . 

Softwoods. 
Number of} Aggregate ; ; 

ative softwoods and 
mills hardwoods 

reporting. i Total. Yellow pine. Douglas fir. 

Feet b. m. Feet b. m. Feet b. m. Feet b. m. 
14,765 | 29,362,020,000 | 24,099, 554,000 9, 941, 997, 000 5, 819, 141, 000 

690 1, 134, 393, 000 1, 042, 098, 000 1, 037/659; 0004) 2: seen ae es 
19 82,511, 000 82.511 000M Se een et asiae 438, 000 

612 1, 327, 393, 000 782, 874, 000 7425236, 0007 et se oe eee 
ae) 1, 277, 084, 000 SG Gve yA U0)010)) | eee ee ome 219, 267, 000 
114 54, 632, 000 945520; ,000) 1232 co isces eee eee 2,917, 000 

128 57, 022, 000 12, 868, 000 2 O00; O00 ire cere ieyoptlls Sones 
25 5, 200, 000 3, 167, 000 3,180 000 Mies. eit ome mete 

191 862, 580, 000 851, 420, 000 7165,.912". 000) leeiet 2. seer ete 
481 463, 472, 000 397, 904, 000 3525 6825000 care sees ee ee 
173 802, 529, 000 8025219) 0007 teen ane oe ee 72,658, 000 

94 36, 459, 000 932, 000 15; 000i 2eets sec eee 
358 185, 619, 000 100,000) }).22:2 nsw eeu ce eer a ees 
57 13, 025, 000 10; OOO) ois 2 herr meres reee eral testes ere eres 
9 8, 280, 000 5000}. ca 2th oe. one Oke ine ee Seana 

464 246, 656, 000 26, 282, 000 95165; 0OOM|- exes ae ey eee 

310 3, 158, 736, 000 2, 783, 833, 000 2. 486. 8475 000s! eae ee ees 
476 570, 846, 000 42208 000.2 = essa ee ee emer reece 
199 66,378, 000 32, 031, 000 305223000: | jeceeen ee eer 
227 151, 217, 000 119, 133, 000 25405 000) mieme sec eee 
271 801, 967, 000 9455 107, 0008 | 28% <2 ok ct croc eiealelll cote paren 

203 911, 453, 000 872079; 0004. ee etnias see eee eee 
601 1, 786, 082, 000 1, 466, 604, 000 1)448,893;000. [522 Soe ste ee 
343 241, 039, 000 64, 318, 000 42° 0625 0005) 22 222 eer nnn 
98 335, 811, 000 330; 344,000"| 2222: Seeeeeceee = 34, 906, 000 

271 304, 999, 000 272, 635, 000 200/000 |S.c2 2 ae ee 

70 15, 755, 000 4, 159, 000 3°650; 000) ease ane eee eee 
47 85, 215, 000 S020 30004) ii = eee eee ue 9, 938, 000 

1, 023 328, 841, 000 157, 569, 000 365;:000 lie eee ae 
1,192 1, 066, 839, 000 868, 710, 000 7825027, 000) Vossen ose tenes 

449 190, 920, 000 586, 000 93,000 fie coche es 

83 172, 294, 000 149, 324, 000 147,494) O00s|0 face ae See 
476 2, 708, 955, 000 2,695; 3020005 tis foe. ee 1, 898, 080, 000 
719 445, 313, 000 227, 464, 000 1,726, 000) Zones. sey 
16 12, 250, 000 5, 523, 000 SOSO0OG ere eee ees 

352 483, 009, 000 445, 444, 000 416'536,.000' |222 ec. vi .gnseese 

26 29, 033, 000 29;.038;,000°| 5-2. ase ee ee ee eee 
725 492, 225, 000 93, 802, 000 OT, 474 O00) 22 252 fe ene eee 
244 1, 215, 192, 000 1, 172, 754, 000 1172: 154° 000K cae ere ene 
67 8, 837, 000 8, 0o, 000M See eee 927, 000 

266 123, 558, 000 79,012; (000 4). sone cece hose seems a eee 

1,222 769, 544, 000 500, 265, 000 454,015; 000-22 scene ees 
455 4, 602, 469, 000 4599) '859.000) jee eee. eee oe ee 3,578, 831, 000 
370 598, 194, 000 136, 207, 000 2534000 eres cenenceenees 
358 1, 122, 068, 000 668, 319;0000 |e oes Water ooo Seen oeenener 
38 6, 126, 000 6526) 0008) Saeco eeceee eee 1,179, 000 
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TABLE 41.—Active sawmills (cutting 50,000 feet and over) reporting, and reported pro- 
duction of each kind of lumber and of lath and shingles, by States, 1918—Continued. 

Softwoods—Continued. 

State. 

White pine. y a asine. Hemlock. Spruce. Cypress. | Redwood. 

Feet b. m. Feet b. m. Feet b. m. Feet b. m. | Feetb.m. | Feet b. m. 
United States..... 1, 968, 474, 000 |1, 707, 784, 000 |1, 696, 493, 000 |980, 561, 000 1578, 026,000 | 443, 231, 000 

JNM ETM... o ob be bopoed boku dscseacd nbancosaencens|yacsorsccecees|podsusacaqec 25,800; OOOK es ay aiere nas 
Wena 20) 000)\/1811583,000)|... 42) 28.200) 360, 000 “i Soe at Nie Oana es fs 
ATARI NEN Pa ei ee US” ren Dent A |S Rs os 9 05638;5;0007 |S a aaeaie as 
California and Nevada. <).-.2-20....... 357,851,000 | 4,061, 000 | 16, 663,000 |....... .-=.-| 443, 231, 000 

Dlorad omen ese ce | jescae saeheees CP, O00) |lncabanaboodass PAWN) ood seoneacsalldecenssescec 

Connecticut.......-..-.- 3159/7000 5 | epee oe DEQA TE OOO Sate Se eiievereree ls eeses eye a Poe ne eR 
IDBEWATOLcc coche ooudes||lposonosesonded boockupebaanod popdosoccocued)|Saunas5e5us- . are O00; Sees: 
INGFIGe). oS cobaccaoud pepeanaaneance steckorosrones looSosasecosocu|eacoocsucua- D310 OOO) |e ceeun ae 
Georrinwee ener l.e . 268450008 Seema ence use O25 O00) eee ae AINS36% 000: | fee ewien ineune 
SION aya Ea Ns ee ea aa 208, 749,000 | 310,582, 000 PAYED) | I CPU OU) ees secs ondie en hl ta 

TOUS eo NO RE lek a ae a A OC ee ee OI OOO KE iereretie a 
INGHANOE). 65 Conseco baeydoo|bobobcenow es sdolleebraaenesocud|oquecscncuords booosdsobees||suesos- P| Susana 
TO Wayman sete. ois c} O00) Nee SaAe oes oAgalisnopaocesssus4toadspocore dlesoosaaesemeleer re wecs Li 0D 
IZGIBES Zia6] INGO BEe)s-5| boosuacososacs| sodas bosqudcua waco conaconess|Necoessnaodel|peseeuooabaalss anu) Bee 
Kentuckyisseae nls! 3} POON) ease sadisonase 7,631, 000 20;000) 153,467; 0002 | aes ean in 

TUOUBUISTE TOE) oe Cee a I area ees ery uaa Ns eee eae GAT et 2965986; 000) asseeee eae 
ERG. ge ee 237 466;000) |! soe ee 624106,0007/206;208,(000)\|i 20. oe. 22- |) a ae 

Maryland............... TOS (TU ees 11300000)| 522) See 56) 000i) Senate: 
Massachusetts........... 99137740000: ss Gone ns 10532940008 |= (681'747000)|| se oe ec ie seer 
Michivaniae ee cess. 4656647000; (es 2: Sete 26668225000 [ea (#5235 00014) Sens. ee oe | Ne meanest 

Minnesota............--- 302459" 000) |: soto ee oe 3601000:118;907/ 000) |s.o-05 022: |Setearaweee: 
ASSiSSIDD! 2 RG ESA OEISEIEN IRR TaCTE CTCERSES EEG yr arreatiie a a Gear Me aes nen] erie Rios aD ET LL OOO) | paiee eee aan 

FASTSY OV BIE) 2 2 Si ce a fee en aU Fa es apa a shel Po eel ne | ee AT 225:2565,000))|), 22 a 
(Wortanaue wes cuiis). 4,207,000 | 169,956,000 |.............- GATT SRODO I See cue at 
New Hampshire. ....... USSE 569) OOO ne secncceece ts SO; O1TOO0K WAS 79} O00N rene cnvciseiior lees ena 

INN UGS OW oe aaa (330008 | See caneeceice oe TO TOO Os ere ere reicts eevee ee) eee eee 
New Mexico............. 10,000 | 69,354,000 |......... gis SIL aes Bia pO Ry Aa yt ecg 
Neweworky se iki: BONSAI OOOL ere ena elns 70315950005 10252433, 000)| 1 hun ieC Shee meet | 
North Carolina.......... (RASTA OOOR Reee te cetecmce 31,107,000 } 31,912,000 | 13,001,000 |........_._. 
NV oyna hee a T5SCOOOM ENS aE S33 000 | eee ce se Weer ie ol Sie eu E 

QING. fe Ge CA AAO ie Rm a Gece Maton rs tala ee Ue sae sear al lene eae 18305 OO0n cea etea eat 
reson 5) 2,322,000 | 437,452,000 | 68, 159,000 [215,828,000 |............|.......... 
Pennsylvania.........-. Z4AtGlS NOON Gee eee eae ae 200, 573, 000 STL OOOH ee sere ees ee ee meta 
Buode te eee 3 cheb ON)! ee SA sacouocade SS OOO eerie ciemreiclS ee erstey ieee | epee nara 
COs YC eC) a a sk ca a an AE rae Le esc 285893; 000s| neces sec oeee 

SOuUMPVAKOtAs ose. 25 | ese ee ZI NOSS OOO ee eee eset ta neers ele eee eiat se ie een Da he gle anda 
HBENIMESSCORS ee ietise shack SION O00) eee eee se ees 233,982,000 ecesee eae 13081, 000) | SSetee see 
WINGS ES. 5S 6 Sess Sse mee (Pe ine ane ete mae a eR SL Poe a Gage ec Bees eR a 60050005 | Soa eaee eee 
WOME Ia. NE ioe ea i Ne a IN a S257; OOONNE RE Lee DARL OOO Maes noe eee he 
iVerin OnE sees eas D5 NT 225000) i cei 187366, 000%| 815/530; 000)|2cie bh tayaaliate aan tar | 

Wain cIminieens seer cass & OVALONOOON Bearer 26,286,000 | 1,210,000 | 6,008,000 |............ 
Washington............- 65,856,000 | 220,231,000 | 275,693,000 |275,826,000 |............|............ 
West Virginia. .-.....-.. 2590 1H O008| Bee eee SovOUIE OOF 4052585000) Pea wee yee oases 
Wisconsin... . 12ND" WOON Neen eee AS84036 5000813" 009 000K | ena ncmanius lat eet IE 7 
“Wy Gea oY oe  aU a mS 1558) OOO Noe eect TOOT OOO ice wan ialesmeme es 
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TABLE 41.—Active sawmills (cutting 50,000 feet and over) reporting, and reported pro- 
duction of each kind of lumber and of lath and shingles, by States, 1918.—Continued. 

Softwoods—Continued. 

State. 

Larch. 

Feet b. m. 
United States. ...- 333, 243, 000 

ATA DAME arenes sceecece.: 
IATIZ OND @ tao teste e ee 
AP KANSAS = 3202 oe ase he 
California and Nevada. . 
WoloradOle =. sssee5 se eeee 

Connecticut: 24-2223... = 
Delaware............ hess 
Hl orids. 2 2 2taaoeriews's oes 
yeorgia 
Tdaho 
i is 

Indiana 
TOW Gases aeceetect aces 
Kansas and Nebraska. . . 
WCentuckeye ser anesessecs 

Manvylan dl. acc sc ccc sos 
Massachusetts.......---- 
IMIGHIGAN. <Socceetcd occas 

Minnesotaics 22a2.c-sce-5 
Mississippi-_--..:.......- 
IMASSOUTISS Sse neater 

New Jersey. ......-.---- 
New Mexico..........--- 
New York 

hio 

OTOP ONss 24 cane minaeceee 
Pennsylvania 
Rhode Island 

VAT PIM aeat ite nosed as aces Series 
Wrashin¢ions.s o2e<cmssne 
WiGSt-VILGINIG: « ecpsewiacs| eos eeescce se 
IWHSCONSINES 25. ease oec.c 
Wyoming 

25, 000 

2; 000 

12, 841,000 
46, 000 

Cedar. White fir. | Sugar pine. | Balsam fir. ae 

Feet b. m. Feet b. m. Feet b. m. Feet b. m. Feet b. m. 
230, 476,000 | 210,750,000 | 111,800,000 | 65,402,000 | 12, 176,000 

oe ee 8, 052, 000 

laa 385, 600 

ols 000 Joos 2oececec feces cei pene sega cote 

8, 481,000; |e -ccsessne:|-oesersced--<|) 6) 269)000, or: eae erence 

16RD00 ins eass a ersueeaee: 10; 814, 000/12: 22sbse ez 

215, 000 
3, 226, 000 

5, 000 

3, 326, 000 
102; 379; 000 
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Taste 41.—Active sawmills (cutting 50,000 feet and over) reporting, and reported pro- 
duction of each kind of lumber and of lath and shingles, by States, 1918—Continued. 

State. 

Arkansas 
Cajiforniaand Nevada... 
@ooradowenccenesesclses 

Connecticut. -22-<-----.- 
WelawiaLenseoeccn<<-s6 = 
Woridale. - 2 --s--- == ~~ 

Kansas and Nebraska... 
K ieee St ee 

M ead AE ae oi Sie 2 
Massachusetts.......--.- 
Minchisame seen tera o sara 

Mississippi...----------- 
INUERODIBIS Bb eeotososussee 
Montana...-- sencrceeeee 

New Jersey.....-------- 

New SEO ROR SEAN 278 

OTelonees ee ees ees eclas 
Pennsylvania..........- 
Rhode Island....----.-- 

Tennessee 

WA PIMA Se see tials wares 
Wiashineton see sas. o/c 
West Virginia........... 

Hardwoods. 

Total Oak Maple Gum, red Chestnut Birch : : De: and sap. je : 

Feet b. m. Feet b. m. Feet 6. m. Feet b.m. | Feetb.m. | Feet bh. m. 
5, 262, 466, 000 |1, 658, 714, 000 696, 986, 000 [651,545,000 |344, 929, 000 | 316, 101, 000 

92, 295, 000 29, 578, 000 79,000 | 29, 439, 000 74, 000 110, 000 

“| "544, 519, 000 | 237,678,000 | 11, 286,000 |196,359,000 |........--.-| 2, 000 
1, 952; 000 95, (UD Bea eaaacHe soon baaecoosacecl besssesdsraa lesossacevece 

112) 000 2 U0 eee arp asnid BEsoeoooere cl ao seEseneeaal SAMSeCaae 

44, 154, 000 10, 662, 000 1,195, 000 75,000 | 28, 250, 000 1, 438, 000 
2, 033, 000 i 195, 000 62, 000 182, 000 50, 000 10, 000 
iM 160, 000 1 337, (HOO basseesaeadéaas 4° BSS "000K eta Same sits ene 
65, 568, 000 24° 529. 000 305, 000 iis 723, 000 2, 668, 000 9, 000 

310, OOO | eas See aan ese cree Chests lei qenseGNe Rye | ee Sea Sapa es el Pa RA ag 

35, 527, 000 13, 719, 000 1,636,000 | 3,064, 000 26, 000 36, 000 
185, 519, 000 65, 646, 000 19,582,000 | 2,908, 000 173, 000 389, 000 
13, 015, 000 2 701, 000 AOSS OOO) aes aes TA ae 91, 000 
8) 275, 000 "149, 000 WOOO Eernsaseicehe| seta atne cis las cameo meen 

220,374,000 | 113,312) 000 3, 898,000 | 9,151,000 | 11, 069, 000 634, 000 

374, 903, 000 77, 105, 000 AS C00! 104514, 000M Ree havea baeeec cure 
28, 638, 000 4 036, 000 2.9755 000i) 22 ccemscens 10,000 | 17,071, 000 
34, 347, 000 15, 889, 000 2,472,000 | 2,214,000 | 8,417,000 670, 000 
32) 084; 000 6, 284) 000 ig 947, QOO dee eee: 177 2017 000 3, 412, 000 

456, 860, 000 6, a1) 000 2877 931) OO Gat eee BBR NA | alle eae es a 48, 807, 000 

38, 880, 000 2, 654, 000 BOT OOORISE eos one |Pactemcietemie = 7, 769, 000 
319, 478, 000 97, 495, 000 3, 847,000 |148, 538, 000 |..........-- 10, 000 
176, ae po 86, 302 000 6,091, 000 | 24, 037, 000 5, 000 135, 000 

AG TROD Sea are ates reac oe Te Ne | ois eter ae eee leas | eterna openers 
32, 364; 000 9, 247, 000 S038 000s |eeeeee see ee 3, 659, 000 9, 364, 000 

11, 596, 000 6, 059, 000 374, 000 540,000} 3,793, 000 56, 000 
INGay WIG). 66d Céad OHO Race BASSES BOSS) DS Br SS aGS oI Seta BBs See eSNG) GSB Ss Rea Pasar area Meticaagnan aie 

171, 272, 000 25, 405, 000 46, 691, 000 160,000 | 14,115,000 | 21,002, 000 
198) 129, 000 87; 9477 000 6,887,000 | 8, 136,000 48, 720, 000 of 096, 000 
190, 334° 000 80, 0997 000 28,443,000 | 1,521,000 4 990, 000 201° 000 

22,970, 000 12, 135, 000 185, 000. CReYARUN) ee eoSahesase 25, 000 
13, 653, 000 1, 888, 000 SEISS OOO! | eeraereretaeee weisemr nae | eae e aS 

217, 849, 000 84, 729, 000 35, 324, 000 793, 000 | 42, 880, 000 5, 425, 000 
6, 727, 000 if, 808) 000 URSA O00: |e sence ele 4, 516, 000 40, 000 
37, 565, 000 5, 777, 000 1, 635, 000 | 15,576, 000'|..-... yataehers | Matai ers ae 

SOUP IBD AKO Lame reece etralincicis sae ema inie oe re eaten as leaner a wo Ta a oe tonu Oe ails Migr Fane Foc A AR eas i IAN 
398, 423, 000 181, 712, 000 7, 719,000 | 56,198,000 | 26,741,000 1, 738, 000 
42, 438, 000 18, 918, 000 30, 000 16, 448) O00} Sasi 1, 000 

84) UUs BS RASS es Ses be5) GOGO ABCC ORCS GOB E DOS EDO IG Meee es Cee Cicer ecrnes coe 
44, 246, 000 2,217,000 | 11,449,000 |.......-.-.. 583,000 | 16,913, 000 

269, 279,000 | 153,598, 000 6, 432,000 | 11,036,000 | 41, 866, 000 1, 001, 000 
2 610, (OO See seus "743; (10 Rese eesesl [S Scere recor ames ioe en gina 

461, 897,000 | 175,130,000 | 58,009,000 | 1,379,000 | 85, 123,000 | 15, 678, 000 
453, 749, 000 15, 465, 000 141° 151, OOO |e See ee ae ere eee 161, 968, 000 IWASGONSIN Ee ersemiciociecies 
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TABLE 41.—Active sawmills (cutting 50,000 feet and over) reporting, and reported pro- 
duction of each kind of lumber and of lath and shingles, by States, 1918.—Continued. 

State. : 

Beech. | You" | Tupelo. | Basswood E’m. 

Feet b. m.| Feet b. m. |, Feet b. m. | Feet b. m.| Feet b. m. 
United States...-- 255,440,000 {241,693,000 |201, 103, 000 |174,661,000 |166,481,000 

Adabamas.ssese-esc2---- 560, 000 412,311, 000 | 16,078, 000 32, 000 180, 000 
SNTHZ OTUs seater o cree el nie retraces pote leiete t= cyei=rel=l| etetel= ia oeretaan = in| = miata aia eialatel| ares a aie 
ATKANSOS 2 ose cec cee 690, 000 103,060 | 8,786, 000 119, 000 }18, 692, 000 
(Ob NhivamebbayrhavsbINieneate eel Pere e Soe cel ease ceenoed mondocoococo Sesshocesmeclsoatsonocos 
1070) (0) 6 (0 a de nd eee eee 

Connectictts sasecs.c-<.- 414, 000 450, 000 40, 000 188, 000 107, 000 
Wielawaress sasecece =: a 70; 000 252, 000 S25 0002/2 sete soe ac cscecee 
WIOTIDG cece ccoseeesceis = (Saccees aeee 300,000 | 1, 151, 000; | 2 steele Reeetteccee 
Georgia ste ee cence 244, 000 |21, 538,000 | 2? 210, 000 47,000} 184,000 
{CE ees or Beano moss Honor See nnn Beoepem seo Sos oneaoror a Sesecos crs) nooonoacros 

MNOS: acceccememecess 708, 000 98,000 | 4,332,000 101,000 } 1, 833, 000 
linidiatia sess et enee 34, 2127000 | 5,979,000 | 1,075,000 | 4,805; 000 {127 876, 000 
TOWadeotone lacmemacente accesses es sone aescaiseee eens 507, 000 ifs 836, 000 
Keanisascan dee bras ee) a|\o cee ser iaejsiall fae ators etave ots'=)|tateicrsinie)<eie cia | stetetatais sclera 52 000 
ISNT CK yi nee setecennee 18, 438, 000 |31, 940,000 | 1,138,000 | 4, 249, 000 805, 000 

moOuisiananeeec se see 4, 574, 000 21,000 |122, 368, 000 23,000 | 4,467, 000 
WENGE Dose oceoracsare ” 406, 000 12350008 | Seen ene sce 1, 095, 000 157, 000 
Maryland: ..si2-22:.--<- 913, 000 | 1, 857, 000 124, 000 677, 000 30, 000 
Massachusetts. ......--- 1, 532, 000 S75 O00 Se sie erase 226, 000 21} 000 
Michtvam. so 2tecnee css: 48, , 181, 000 200, 000 2,000 |29, 788, 000 |28, 841, 000 

Minnesota. cscs0esee.- TOSQ00) | etick Sascee| tomentose 2, 968, 000 | 2, 742, 000 
Mississippi... 498, 000 | 2,318,000 | 5, 082, 000 1,000 | 7, 238, 000 
MASSOUTE Ss: anc 11, 000 mig 000 4 343° 600 73, 000 } 9,270, 000 
ING ANTE eee Sees ane | irene Ree | Peon en ears ee eI ANCe Mere oem cme 
New Hampshire......-- 3, 096, 000 7 SERUM eccnoosersce 675, 000 62, 000 

New Jersey -i5...<.-=-.- 174, 000 155, 000 15, 000 13, 000 9, 000 
INOW MIGXICOR sae com sicmcill ne cme mise screenees oem acmeinee oll saree emitter [eee acia see are 
Ne WarsOls eee non eace 31,573, 000 71, 000 1,000 }12, 265, 000 | 6, 291, 000 
North Carolina. ....-.. ” 984, 000 }20, 336, 000 | 12, 399, 000 | 4 718, 000 997 000 
ODIOn 620 siseceeseeeee 23, 733, 000 8; 683; 000 300, 000 | 4,775,000 11, 068, 000 

ORI MOMAR SL Sn ace eea oe one cee ee ne meeeonees 9,000 12,000 202, 000 
Orevonie es. |S eese ee Sol Sa cic eeeicre dl eeeeiee, Saeine [hee aiite ee erste | eters ete | pene ee 
Pennsylvania..........- 32, 249,000 | 3, 507, 000 21,000 | 3,437,000 | 1,066, 000 
Mhodecislandas cee. see 22, 000 SORQ0OS| Sek. en | nectar ss 2, 
Houvh Carolina joteecces|teesecee es 2,624,000 | 8,303,000 |.-......-.- 319, 000 

SLO by ata eed BPs Al co’0} He eh ene ere OR SBR eG le Bacco haem rt | LAN eae Le oe ee 
Wennessee...5---2- ss. 5, 694,000 [41,338,000 | 6,311,000 | 5,013,000 |10, 450, 000 
ROXAS Somes eeaer ceeeeee 25000 [een ckn sa. e- 2,145, 000 16, 000 82, 000 
USE ies Pe arsed caceech aerate ets ere veve | ete arte os [carrera nes, 2 Oe are | eee age 
WiermoOl te. c.ceaecuirccs- 5, 575, 000 187,000 3,000 | 3, 286, 000 733, 000 

WVAIOUNS Ae aoe seis cecine 3, 663, 000 134,088,000 | 8,519,000 | 5,895, 000 366, 000 
IWieaSHINe TOR er ee eases =| esse se yae | oles retrace | erate te eres | ete ees oe eee ere 
West Virginia.........: 36, 631, 000 52, 462, 000 1, 266, 000 |17, 195, 000 589, 000 
Wisconsin i222. ccc ce fis 583, QO0) Bean oss See eee 72, 462, 000 45, 889, 000 
SW OWING Sig ee Sas apes is [loys aie Seni 2,5 | earetearnie aiciaie |oeeie tiers & sieinte | areca ee eieueele | errs mec ee 

Hard woods—Continued. 

Cotton- 
wood. 

Feet b. m. 
148,327,000 

28, 281, 000 
1, 500, 000 
"110; 060 

584, 000 
914, 600 

ag 676, 000 
”337) 000 

2, 298° 000 

164, 000 
2, 892, 000 

21, 721, 000 
34) 345; 000 
6, 114, 000 

” 467, 000 
131) 000 

1, 0017 000 

2, 180, 000 

15, 844, 000 
1, 016, 000 

84; 000 
689, 000 

Ash, 

Feet 6. m. 
147,414,000 

917, 000 

4, 128° 900 

19, 497, 000 
1) 305, 000 
"301; 000 
864, 000 

5, 627, 000 

615, 000 
7, 250, 000 
5, 442) 000 

8, 974, 000 
ig 655, 000 
tf 873, 000 

12, 938, 000 
re 171, 000 

2, 587,000 

1,610, 000 
47 000 

5, 854, 000 
12, 887, 000 
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TaBLE 41.—Active sawmills (cutting 50,000 feet and over) reporting, and reported pro- 
duction of each kind of lumber and of lath.and shingles, by States, 1918—Continued. 

State. 

California and Nevada. . . 
Colorado 

TUDNRAYTI Le eS ees ere eee 

Kansas and Nebraska.. 
ert Cksyeseenicce ce ne 

Maryland 
Massachusetts.-......... 
IND NEI Soo cqbaaseoeee 

Minnesoiaeeee: eee: Sone. 
Mississippi 
IMUSSOUITIMS Beau ee oie: 

ING WEESE YA esos. ae 
New Mexico 
ING COS SEs 

Ohio 

Orero ree eS eas ocr 
Rennsylivaniae sess. oe. 
Rhode Island 

South Dakota... 2.2---- 
Menmessee: sek cee oo. 

Wie he aes see ee 

AON ey meeting oo 
MWshinetomes ee oes 
West Virginia..........-. 
IWASCOMSIME =. coe es ee 
Way OTITIS een ene ca) ieer 5 

Hardwoods—Continued. 

Hickory. | Walnut. | Sycamore. BOL SB Lath. Shingles. 

Feetb.m. | Feetb.m. | Feetb.m. | Feet b. m. Pieces, Pieces. 
89, 405,000 | $7,305,000 | 26,283,000 | 56,079,000 | 1,362, 187,000 | 5,690, 182, 000 

913, 000 18, 000 202, 000 19, 000 25, 227, 000 50, 065, 000 
oss leh el ee 17, 337, 000 250,000 
14,806,000 | "335,000 | 6,437,060 | 1, 624, 000 26, 481) 000 25, 870, 000 
Ie By ie R UD LES ee one 357, 000 22) 281,000 | 146,071, 000 
See | RI SSG goa ah et a 186, 000 

647, 000 7,000 16, 000 5, 000 570, 000 325, 000 
90, 000 AAO ere ie Senin Eek: Wa PACU sa M ae ea cal 

511,000 115 OOOG Sen gr Galen Naan ma 55,171,000 | 102, 725, 000 
1, 741, 000 17, 000 321, 000 358, 000 19, 083, 000 46, 395, 000 

TES USBI SA ls OS all Sas a ra A 70,494,000 | 32,893,000 

905,000 | 6,130,000 | 1,730,000 25, 000 SOOO Race aener 
8,666,000 | 11}941/000 | 3, 457; 000 596, 000 B35" 000h eae naene 

122,000 | 5,416;000 17, 000 BS O00) | ee omen even ye Gime ene 
1,000 | 7,707,000 SIGS (O 0) oe a es een PN a ee 

5,103,000 | 5,263,000 | 1,518,000 | 7,430, 000 1,887, 000 2, 015, 000 

5, 398, 000 222,000 | 1,075,000 | 22,155,000 | 236,543,000 | 272,866, 000 
Bae Ns AN can Rec eA TNE eT 62) 671, 000 87, 193,000 

436, 000 46, 000 250, 000 19, 000 278, 000 3,374, 000 
166, 000 16, COO’ Seren ae 154, 000 342, 000 317, 000 
774, 000 110, 000 135,000 60, 000 48,533,000 | 148, 565, 000 

3, 000 TCOOE Berg ateeec [neces 155, 905, 000 36, 000 
8, 764, 000 17,000 | 1,714,000 | 2,361,000 81, 598, 000 18, 431, 600 
2; 466, 000 | 29,277,000 | 2)773;000 215, 000 3,618, 000 967, 000 

SSC Ta Ub AML al wich ae, 21, 903, 000 5, 825, 000 
2, 000 TOGONERREE LAG 13, 000 2) 235, 000 776, 000 

233, 000 57,000 9,000 40, 000 2, 312, 000 3, 045, 000 
SETAE] ( SE ACES yee fea PR Letina 15, 206, 000 30, 000 

944, 000 25, 000 9, 000 2, 767, 000 3, 863, 000 4,066, 000 
2, 057, 000 233, 000 58,000 | 1, 4447000 10, 894, 000 48; 080; 000 
5, 623,000 | 10,071,000 | 1,868,000 85, 000 1, 492, 000 140, 000 

387, 000 85, 000 CISION orem 10, 743, 000 85, 000 
Pag CAMN I cee Ore Me OR Is 5, 550, 000 78,780,000} 281, 138, 000 

2, 982, 000 160, 000 105,000 | 1,204, 000 18, 476, 000 3, 856, 000 
ESSAULO 0) Fes tea Er LR ey ae Nope Sm cD ceta DeEU AU SU creat 

180, 000 1, 000 30, 000 39, 000 7, 913, 000 5, 208, 000 

Ly sae Se Pe AG cet IRCA Pe te Fa A 1, 216, 000 24,000 
12, 243,000 | 7,581,000 | 3,162,000 | 3, 741, 000 7, 685, 000 44,760,000 
1, 671, 000 6, 000 35,000 897, 000 21, 366, 000 17, 746, 000 

GIG hate yO a a RR a 350, 000 1) 397; 000 
11, 000 SOOO! weeneeate 25, 000 1, 252; 000 3, 254’ 000 

2,666,000 | 1,696,000 593, 000 800, 000 16, 902, 000 1, 160, 000 
GSES HN UN ORES Fa nT AY 936,000 | 154,668,000 | 4,238,714; 000 

8, 759, 000 800, 000 115,000} 2,967,000 33, 289, 000 44; 000 
108, 000 344000; |e eames 188,000 } 122,858,000 91, 907, 000 

Ci CREE ei Sa ON RL SSRIS CE pe 2,000 383; 000 
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OBJECT OF INVESTIGATION. 

The preparation of frozen egg products is universally recognized as 
an excellent means cf conserving eggs which can not be sold in the 
shell as a first-grade product. So extensive has the business become 
that 19,286,396 pounds of this material were held in storage on 
January 1, 1920. Careful studies of frozen egg products, by 
M. E. Pennington and her colleagues,? have included studies of the 
character of the raw material, the equipment and operation of break- 
ing rooms, and the quality of the product sent into commerce. As 
a result there has been a marked improvement in the selection of the 
raw materials used and of the processes of manufacture, with a conse- 
quent improvement in the quality of the finished products. The 
examination of these products has been attended with what was sus- 
pected of being a disparity of results when material of the same 

1 The investigation discussed in this bulletin was conducted by the author with the assistance of the 

following members of the Bureau of Chemistry: M. K. Jenkins, E. A. Read, J. H. Bornmann, G. G. 

De Bord, W. F. Duncan, L. D. Elliott, H. W. Houghton, W. R. North, G. C. Swan, and H. B. 

Switzer. 

2U. S. Dept. Agr., Bur. Chem. Circ. 98 (1912); U. S. Dept. Agr. Buls. 51 (1914), 224 (1916), 39 

(1918), 663 (1918). 

153352°—20— Bull. 846-——1 
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quality was analyzed in different laboratories. The present inves- - 
tigation was undertaken in order to critically study these methods, 
and to ascertain whether they might be so standardized as to give 
concordant results when a number of analysts examined the same 
product simultaneously. A further object was to learn whether the 
results of the standardized methods would truly reflect the known 
quality of carefully prepared samples. 

PLAN OF INVESTIGATION. 

Since the great bulk of frozen egg products is prepared in the Mid- 
dle West, it seemed advisable to have the samples prepared in that 
section. Moreover, it appeared that vaiuable information could be 
obtained by preparing samples in different geographical locations, as 
Michigan or Minnesota, where the eggs while in the shell would have 
been transported and held under fairly cool climatic conditions, 
Tilmois or Indiana, where the climatic conditions would be somewhat 

less favorable, and Kansas or Missouri, where the weather would be 
hot. It was planned to ship these samples for examination to a 
central point where all the analysts were assembled, in order to 
eliminate as completely as possible all variable factors. Difficulties 
in transportation in 1917 made it doubtful as to whether frozen 
egg samples shipped from a distance would arrive in proper condition 
for analysis at a central pont. Yor this reason a trip was made to 
egg-breaking plants in the States named, to ascertain whether eggs 
were reaching any one large concentrating and breaking center from 
the same general sources of supply as those used in the other locations, 
and to learn whether railroad transportation of samples could be 
depended upon. It was found that shipping frozen egg samples in 
small iots from outlying points to any central location would be a 
precarious undertaking and imadvisable. It was found also that in 
one concentrating center eggs were being received constantly from all 
of the important producing States, in many instances after long rail- 
road hauls. For that reason, those in charge of the investigation 
decided to prepare the samples in August, when eggs are recognized 
as being of the poorest quality, in this concentrating center where 
checks, dirties, and current receipts were being received from distant 

points, with the attendant possibilities of deterioration. Thus, 
samples made from the lowest grade eggs which might legitimately 
be used for food purposes were assured. It was further determined 
that the samples should be examined in the same city in which they 
were prepared, in order to eliminate all railroad transportation. 

A series of samples was prepared from the different grades made 
commercially, allowing the breakers to follow their usual system of 
grading; a similar series in which the grading was done by members of 
the Bureau of Chemistry; and a series including a composite sample 
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of each class of eggs considered inedible, in so far as they were obtain- 
able. Records of the eggs used in making these samples were kept. 
The preparation of each type of sample was repeated in as many 
different factories, using different raw material, as many times as 
possible. 3 

PRELIMINARY INVESTIGATION. 

Tn order that all the analysts might have a good working knowledge 
of the methods of examination before assembling for the analysis of 
the frozen samples, and to obtain data on fresh eggs of high quality 
and on storage eggs, they were requested to carry out the following 
precedure in their home laboratories during the early summer: 

1. On five different days, each laboratory shall obtain a representative sample of 

absolutely fresh eggs. These shall be opened aseptically according to the method 

described, the yolks and whites shall be thoroughly mixed together under aseptic 
conditions, and the mixture shall be subjected to bacteriological, chemical, physical, 

and microscopicai examination. 

2. On five different days, each laboratory shall obtain a representative sample of 

absolutely fresh eggs. These shall be opened aseptically according to the method 

_ described, and the yolks and whites separated. The thoroughly mixed yolks and 

the thoroughly mixed whites shall each be subjected to bacteriological, chemical, 

physical, and microscopical examination. 

3. On five different days, each laboratory shall obtain a representative sample of 
eggs which have been in cold storage, but which are still considered edible, and shall 
proceed as under No. 1. 

4. On five different days, each laboratory shall obtain a representative sample of 
eggs which have been in cold storage, but which are still considered edible, and shall 

proceed as under No. 2. 

RESULTS OF PRELIMINARY INVESTIGATION. 

The results of this part of the investigation are given in Tables 
1 to 7, which also include data obtained by one of the laboratories in 
the examination of some May eggs transported from Tennessee and 
Ohio to the Atlantic seaboard, and there opened under commercial 
conditions. 
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DISCUSSION OF RESULTS OF PRELIMINARY INVESTIGATION. 

The following facts are evident from the data given in Tables 1 to 
7, inclusive: 

1. The analytical results agree remarkably for all eeg samples exam- 
ined, whether they were purchased and examined in New York, 
Philadelphia, Washington, Chicago, or San Francisco. This is true 
for eggs opened as soon after being laid as possible, as weil as for those 
which were held in cold storage for approximately equivalent periods 
of time. From the regulatory point of view this is important, since 
it shows that but one basis of judgment as to quality is necessary for 
the whole of the United States. 

2. The limits of variation (Tables 1, 3, and 4) found in the freshest 
eggs obtainable, opened aseptically in June and July, were as follows: 

In whole egg.—For total solids, 25.96 to 27.19 per cent; for ether 
extract, 9.31 to 11.01 per cent; for ammonia, nitrogen, 1 to 2 milligrams 
per 100 grams; for acidity of fat, 1.21 to 1.72 cc. of N/20 sodium 
ethylate required per gram; for reducing sugar, 0.29 to 0.36 per cent. 
No bacteria of any kind were found in any of the samples examined 
for bacteria. 

In yolk.—¥ or total solids, 46.93 to 50.90 per cent; for ether extract, 
24.49 to 28.78 per cent; for ammonia nitrogen, 2.5 to 3.1 milligrams 
per 100 grams; for acidity of fat, 1.44 to 1.96 cc. of N/20 sodium 
ethylate required per gram; for reducing sugar, 0.08 to 0.20 per cent. 
No bacteria of any kind were found in any of the samples examined 
for bacteria. 

in white-——For total solids, 11.80 to 12.83 per cent; for ether 
extract, 0.01 to 0.12 per cent; for ammonia nitrogen, 0.0 to 1.2 milli- 

grams per 100 grams; for reducing sugar, 0.31 to 0.46 per cent. No 
bacteria of any kind were found in any of the samples examined for 
bacteria. What is meant by formula values is explained on page 66. 

3. The limits of variation (Tables 5, 6, and 7),found in April and 
May eggs which had been held in cold storage from four to eight 
months and which were opened aseptically, were as follows: 

In whole egg.—For total solids, 27.88 to 28.20 per cent; for ether 
extract, 10.52 to 10.80 per cent; for ammonia nitrogen, 2.6 to 2.7 
milligrams per 100 grams; for acidity of fat, 1.50 to 1.83 cc. of N/20 
sodium ethylate required per gram; for reducing sugar, 0.31 te 0.36 
per cent. No bacteria of any kind were found in any of the samples 
examined for bacteria. 

In yolk.—For totai solids, 39.43 to 43.05 per cent; for ether extract, 
19.24 to 22.09 per cent; for ammonia nitrogen, 3.8 to 4.9 milligrams 
per 100 grams; for acidity of fat, 1.53 to 1.82 ec. of N/20 sodium ethy- 
late required per gram; for reducing sugar, 0.18 to 0.23 per cent. 
As many as 260,000 bacteria per gram were found. 
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In white.—For total solids, 13.96 to 14.63 per cent; for ether extract, 

0.03 to 0.07 per cent; for ammonia nitrogen, 0.4 to 0.8 milligram 
per 100 grams; for reducing sugar, 0.37 to 0.48 per cent. As many 
as 290,000 bacteria per gram were found. 

4. The variations in chemical composition (Tables 5, 6, and 7), as 

would be expected, closely parallel the length of time the eggs weve 

stored. 
In whole egg.—The total solids tend to increase slightly; the ether 

extract to decrease; the ammonia nitrogen to show little change during 
the first eight months, after which there was a marked increase; the 
acidity of fat te increase markedly; and the reducing sugar to decrease 
during the first eight months, after which there was a marked increase. 

In yolk.—All of the chemical constituents tend to increase mark- 
edly, with the exception of the reducing sugar, which tends to decrease 
during the first eight months, after which there was a marked increase. 

In white.—The total solids tend to decrease slightly, followed by an 
increase; the ether extract and ammonia nitrogen to show little change; 
the reducing sugar to decrease and then to increase markedly. 

5. The changes in the total solids and ether extract in storage eggs 
(Tables 5, 6, and 7) are believed to be due primarily to evaporation 
of moisture through the shell of the egg, and secondarily to decompo- 
sition. The changes in ammonia nitrogen, acidity of fat, and reduc- 
ing suger are believed to be due primarily to decomposition and 
secondarily to evaporation. The decrease in the substances meas- 
ured as reducing sugar by the method employed is believed to be 
due to a biological decomposition of true reducing sugars, while the 
marked increase which was noted on longer storage is believed to be 
due to the breaking down of some of the ovomucoid, which is a glyco- 
protein and on hydrolysis yields a reducing substance, probably 
chondroitin-sulphuric acid. This may break down into glucosamine 
or some similar substance. 

6. Asshowing the deterioration which takes place, especially in the 
yolk, on long storage, the results obtained from May eggs which had 
been in cold storage for 13 months (Tables 5, 6, and 7) are of more 

than passing interest. These eggs looked edible, but were considered 
inedible because they had a slight odor and taste resemblmg damp 
fillers, and were markedly shrunken, with somewhat weak yolks and 
with whites slightly tinged with yellow, probably due to diffusion from 
the yolks. The average results obtained were: 

In whole egg.—¥or total solids, 29.34 per cent; for ether extract, 
10.88 per cent; for ammonia nitrogen, 3.2 milligrams per 100 grams; 
for acidity of fat, 1.68 cc. of N/20 sodium ethylate required per gram; 
for reducing sugar, 0.39 per cent. No bacteria were found in the 
one sample examined. 
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7 

In yolk.—For total solids, 43.87 per cent; for ether extract, 22.74 
per cent; for ammonia aise, 6.4 milligrams per 100 grams; for 
acidity of fat, 1.78 cc. N/20 sodium ethylate required per gram; for 
reducing tie , 0.29 ‘per cent. No bacteria were found in the one 
sample examined. 

In white.—For total solids, 15/54 per cent; for ether extract, 0.03 
er cent; for ammonia nitrogen, 0.4 milligram per 100 grams; for 
aducing sugar, 0.55 per cent. No bacteria were found in the one 
mp ile ned 
“7 A he age of the chemical results obtained from fresh eggs 
(Tables 1, 3, and 4) with those obtained from eggs which had been 

held in nalts storage (Tables 5, 6, and 7), in which fhe: e was a progres- 
sive deterioration as the (ate of time in storage increased, justifies 
the statement that cold storage does not preserve eggs in the condition 
tn which they were when placed in storage, but mere, retards decom- 
Bosipon and deterioration and keeps them in a marketable condition 
sr several months. 
a: in sample 5417, ammonia nitrogen of 7 milligrams per 100 
erams in the case of the yolk (Table 3) and of 1.6 milligrams per 100 
erams in the case of white (Table 4), together with acidity of the fat 
in the case of yolk of 2.63 cc. of N/20 sodium ethylate required per 
gram, when compared with the results already cited for fresh eggs 
(Tables 3 and 4), are of interest as showing how very perishable the 
egg is and what great changes in composition take place, even while 
the eggs are still in the shell, when held for as short a period as 10 days 
without refrigeration. 

9. In the case of the whole egg samples (Table 2) prepared come 
mercially during the month of May from firsts, seconds, cracks, and 
dirties, which, it should be remembered, had been transported over 
long distances, the average total solids determination of 27.59 per 
cent and the average ether extract determination of 10.28 are higher 
than the corresponding average figures of 26.54 and 10 in the case of 
the strictly fresh egg samples (Tabie 1), indicating either a shrinkage 
due to evaporation or the mechanical loss of some of the more watery 
white. The average ammonia content figure of 2 milligrams per 100 
grams and the average acidity of fat figure of 1.80 cc. N/20 sodium 
ethylate required per gram are higher than the corresponding average 
figures of 1.5 and 1.49 in the case of fresh eggs, as would be expected, 
and indicate clearly incipient decomposition. The average figure 
of 1,500,000 bacteria per gram in these commercial samples, as com- 
pated with the lack of bacteria in the fresh whole egg samples pre- 
pared aseptically, results from the fact that the eggs composing these 
samples were taken from commercial breaking stock and were opened 
under commercial conditions. 

bey 

iS 

ied co 

oe 
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10. A comparison of the average results for acidity of fat of 1.49 

and 1.72 cc. of N/20 sodium ethylate required per gram, respectively, 

in whole egg (Table 1) and in yolk (Table 3), both prepared from the 
freshest eggs obtainable, shows that higher figures were obtained in 
the case of yolk. Theoretically, the figures should be identical, or 
very nearly so. It is possible that this difference is due to the 
removal of substances from the white of the egg by the solvent or by 
the presence during drying of a relatively large amount of protein m 
the whole egg. For a tabular summary of this discussion see Table 

26 (page 76). 
PROGRESS OF THE INVESTIGATION. 

PREPARATION OF SAMPLES. 

Harly in August, 1917, under the supervision of two representatives 
of the Bureau of Chemistry who have had wide experience in grading 
eges both before the candle and while out of the shell, the frozen egg 
samples were prepared in four commercial houses which are as wel] 
equipped as the average breaking plant. In candling and grading 
the eggs and in preparing the samples representatives of the manu- 
facturers were always present. The manufacturers showed a most 
gratifying spirit of cooperation throughout the entire investigation. 
During the preparation of the samples careful records were made of 
all the available information concerning the past history of the 
breaking stock and its distribution. As far as possible records were 
also kept of the number and kinds of eggs which entered each sample. 
Tn the case of the samples designated as commercial in Tables 8 to 23 
the manufacturers were allowed to follow their own grading, of which 
the Bureau representatives kept a careful record. In the samples 
designated as experimental the grading was done by the Bureau of 
Chemistry representatives. 

The Department of Agriculture has taken the position that only 
‘two grades of frozen ege material should be prepared—namely, food 
egg and tanners’ egg.’ Several ‘manufacturers, however, prepare 
more than one grade of food product. Hor this reason experimental 
samples presumably of more than one grade were prepared, but this 
fact is not to be considered as indicating the approval of the Bureau 
of Chemistry of such a procedure commercially. In a number of 
cases as nearly as possible identical types of samples were prepared 
in several different houses with different raw materials, different 
equipment, and different breakers. 

1U. §.-Dept. Agr. Bul. 224, p. 21. 
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EXAMINATION OF SAMPLES. 

After the samples had been prepared, frozen, and held in cold 
storage for several weeks they were examined by three bacteriologists 
and five chemists. Only one determination of each constituent was 
made by each chemist, for the reason that four or five chemists per- 
formed each determination, averages of which give very reliable 
results. All bacteriological examinations were made in duplicate. 

RESULTS GF EXAMINATION CF SAMPLES, 

The results of the examination of the samples are given in Tables 
8 to 23. For ease of comparison the histories of the samples and the 
analytical results have been grouped in the same table. Moreover, 
all of the samples of the same type have been gathered into each 
table, and averages have been calculated. These tables are self- 
explanatory, needing but the few additional comments which are 
given on pages 55 to 59. Throughout, the use of terms as given in 
U.S. Department of Agriculture Bulletin 224, page 21, has been 
followed. 
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DISCUSSION OF RESULTS OF EXAMINATION. 

The following conclusions may be drawn from Tables 8 to 23. 
i. Using the methods of examination as modified during this in- 

vestigation and fully described on pages 85 to 96, several analysts when 
examining the same samples at the same time obtained results which 
agree closely. This is important, as it proves that the methods are 
reliable and with justice to producer and consumer alike may be de- 
pended upon as the basis for judgment concerning the degree of 
decomposition which has taken place. 

2. The differences shown by the analytical results parallel to a re- 
markable degree the results of physical examination as determined 
in advance by examination of the individual eggs comprising the 
samples. It is therefore evident that from an analysis of a frozen 
egg product an accurate decision may be reached concerning the 
character of the raw materials used in its preparation. 

3. In the samples of experimental first-grade whole egg (Table 8) 
the very close agreement in the results obtained from different 
samples for ammonia nitrogen, acidity of fat, and reducing sugar 
should be noted in connection with the fact that the raw materials 
used came from three different States. In the seven samples of 
this product the average ammonia nitrogen figures were respectively 
1.9, 2.1, 2.2, 2.1, 2.4, 2.2, and 2.3 milligrams per 100 grams; the aver- 
age acidity of fat figures were 1.84, 1.87, 1.92, 1.89, 1.85, 1.86, and 
1.86 cubic centimeters of N/20 sodium ethylate required per gram; 
and the average reducing sugar figures were 0.30, 0.30, 0.29, 0.31, 

0.30, 0.27, and 0.29 per cent. The comparatively low figures found 
for ammonia nitrogen and for acidity of fat, and the high figures for 
reducing sugar in the case of these eggs packed in August, when 
eggs are admittedly of the poorest quality, are also worthy of note, 
and prove conclusively that eggs showing practically no decomposi- 
tion occur in ordinary breaking stock, even in August. The proper 
inference is that the degree to which such eggs are present is pro- 
portional to the care with which the eggs while still in the shell have 
been gathered, cooled, and handled. An index to the amount of 
care in handling used in August, 1917, is furnished by the fact that 
in sample 64 only 57 per cent of the eggs graded could be placed 
in first-grade frozen whole egg, and in sample 70 only 45 per 
cent could be so used. The fact that in these two samples it was 
necessary to place 26 and 37 per cent, respectively, in the soft grade 
indicates clearly that the raw material became too greatly heated 
during transportation or storage. This is further emphasized from 
another point of view by the fact that sample 46, prepared princi- 
pally from cracks from June case packs which had been held subse- 
quently in cold storage for two months, showed ammonia nitrogen 
to the extent of 2.1 milligrams per 100 grams, acidity of fat of 1.89 
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cubic centimeters of N/20 sodium ethylate required per gram, and 
reducing sugar of 0.31 per cent. 

4. The figures obtained from the products prepared experimentally 
by the investigators cited showed somewhat less decomposition than 
the figures obtained from products prepared commercially from the 
the same raw materials (Table 9). In the six samples of the latter 
product, the average ammonia nitrogen figures were, respectively, 
2.3, 2.5, 2.3, 2.8, 2.5, and 2.6 milligrams per 100 grams; the average 
acidity of fat figures were 1.95, 1.83, 1.77, 1.77, 1.73, and 1.76 cubic 

centimeters of N/20 sodium ethylate required per gram; and the 
average reducing sugar figures were 0.31, 0.30, 0.32, 0.29, 0.30, and 
0.32 per cent. This is readily explained by the fact that in the 
three samples in which a record of distribution was kept, it was found 
that 92, 89, and 94 per cent of the eggs graded were placed in the 
first-grade products by the commercial graders, as compared with 57 
and 45 per cent as graded by the investigators. 

5. The bacterial contents of the first-grade experimentally pre- 
pared and first-grade commercially prepared samples were very 
similar, as was the distribution of the bacteria into groups in both 
types of sample. In the experimentally prepared samples the 
total bacterial counts averaged 4,000,000 per gram, with a maximum 
of 10,500,000 and a minimum of 120,000, while in the commercially 
prepared samples the corresponding figures were 2,600,000, 5,300,000, 
and 160,000. 

6. In close agreement with the figures already cited are those 
obtained from commercially prepared first-grade whole egg contain- 
ing sugar and salt (Table 10). In the five samples of this product, ° 
one of which was prepared in April and the other four in August, the 
average ammonia nitrogen figures were 1.8, 2.4, 2.5, 2.3, and 2.4 

milligrams per 100 grams; the average acidity of fat figures were 
1.68, 1.69, 1.90, 1.80, and 1.67 cubic centimeters of N/20 sodium 
ethylate required per gram; and the average reducing sugar figures 
were 0.30, 0.28, 0.31, 0.29, and 0.30 per cent. In these samples 
the total bacterial counts averaged 340,000, 15,000,000, 7,800,000, 

2,900,000, and 6,300,000 per gram. 
7. Although an attempt was made to separate edible breaking 

stock eggs into two portions, one (first grade) to be of higher quality 
than the other (soft grade), a comparison of the results already cited 
for first-grade whole egg with those obtained from experimentally 
prepared soft-grade (Table 11) and commercially prepared soft-grade 
(Table 12) whole egg indicates very strongly that such grading is im- 
practicable with breaking stock eggs. In the four samples of experi- 
mentally prepared soft-grade whole egg, the average ammonia nitro- 
gen figures were 2.3, 2.2, 2.5, and 2.4 milligrams per 100 grams; the 
average acidity of fat figures were 1.82, 1.84, 1.84, and 1.82 cubic 
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centimeters of N/20 sodium ethylate required per gram; the average 

reducing sugar figures were 0.29, 0.28, 0.32, and 0.30 per cent; and the 

average total bacterial count was 3,600,000 per gram, with a maxi- 

mum of 9,300,000 and a minimum of 320,000. In the three samples 

of commercially prepared soft-grade whole egg, two of which were 
prepared in August and one in April, the average ammonia nitrogen 
figures were 2.4, 2.4, and 2.0, milligrams per 100 grams; the average 
acidity of fat figures were 1.84, 1.99, and 1.73 cubic centimeters 
of N/20 sodium ethylate required per gram; the average reducing 
sugar figures were 0.27, 0.33, and 0.32 per cent; and the average 
total bacterial count was 1,600,000 per gram, with a maximum of 
3,800,000 and a minimum oe 130,000. 

8. As it is the practice in some breaking plants to have the “‘leak- 
rs’’ broken out by the candlers in the semidarkness of the candling 
room where proper grading is impossible, the products referred to in 
Table 13 were prepared under varying conditions. The results are 
clearly in favor of the leakers opened in the breaking room. 

9. The results in Table 14 were obtained from experimentally 
prepared first-grade yolk of the same general quality as the samples 
of whole egg reported in Table 8. In the two samples prepared and 
examined, the average ammonia nitrogen figures were 4.1 and 4.4 
milligrams per 100 grams; the average acidity of fat figures were 
1.81 and 1.80 cubic centimeters of N/20 sodium ethylate required 
per gram; the average reducing sugar figures were 0.20 and 0.18 per 
cent; and the average total bacterial counts were 240,000 and 
280,000 per gram. 

10. Indistinguishable from the samples just discussed, even though 
showing somewhat higher bacterial counts, were the samples of com- 
mercially prepared first-grade yolk (Table 15). In the four samples 
of the latter product the average ammonia nitrogen contents were 
4,2, 4.2, 4.0, and 4.2 milligrams per 100 grams; the average acidity 
of fat figures were 1.97, 1.85, 1.99, and 1.84 cubic centimeters of 
N/20 sodium ethylate required per gram; the average reducing sugar 
results were 0.20, 0.19, 0.17, and 0.17 per cent; and the average total 
bacterial. counts were 5,300,000, 270,000, 3,000,000, and 1,600,000 
per gram. Because only eggs with fairly firm yolks can be separated 
commercially, the proportion of the eggs graded commercially into the 
first-grade yolk in the two samples in which a distribution record was 
kept was decidedly lower than in the case of commercially prepared 
whole egg. This explains why the experimental yolk and com- 
mercial yolk gave analytical results which agreed much more closely 
than in the case of the experimentally and commercially prepared 
whole egg. In the two samples mentioned, 77.0 per cent and 71.0 
per cent of the eggs graded were placed in the samples. 



58 BULLETIN 846, U. S. DEPARTMENT OF AGRICULTURE. 

11. The commercially prepared first-grade yolk containing sugar 
(Table 16) yielded results in close agreement with the unsugared 
yolk of similar grade. 

12. Up to this point the tables have dealt with samples which were 
considered fit for food by the representatives of the Bureau. From 
now on they deal with samples considered inedible or of questionable 
quality. Not all of the eggs which entered the samples described in 
Tables 17 and 18 were inedible. In fact, many edible eggs were used 
in these products, but the proportion of inedible eggs used was large 
enough to warrant considering the resulting mixtures inedible. 

13. In the samples of experimental second-grade egg reported in 
Table 17, the comparatively high ammonia nitrogen figures of 2.9, 
3.1, and 2.7 milligrams per i100 grams in samples 48, 66, and 72, and the 
very high bacterial counts of 105,500,000 and 33,000,000 per gram in 
samples 66 and 72 should be noted. It is unfortunate that no bacterial 
counts could be made in the case of sample 48, for the reason that it 
was partially melted during transportation from a freezer to the 
laboratory. The amount of melting was not sufficient, however, to 
affect the chemical results. 

14. In the samples of commercial second-grade egg shown in Table 
18, the average figures of 4, 3, 2.6, 4.4, 3.2, and 2.9 milligrams per 100 
grams for ammonia nitrogen; of 1.80, 2.01, 1.72, 2.22, 1.78, and 1.76 
cubic centimeters of N/20 sodium ethylaterequired per gram for acid- 
ity of fat; of 0.25, 0.29, 0.32, 0.27, 0.28, and 0.29 per cent for reducing 
sugar; and of 211,000,000, 1,800,000, 380,600, 178,500,000, 48,000,- 
000, and 17,400,000 bacteria per gram indicate clearly the generally 
unsatisfactory character of the product. 

15. Table 19 shows the results of the examination of a sample of 
experimentally prepared tanners’ grade egg which is undoubtedly 
inedible. In it the average ammonia nitrogen figure was 3 milligrams 
per 100 grams; the average acidity of fat was 1.89 cubic centimeters of 
N/20 sodium ethylate required per gram; the average reducing sugar 
result was 0.25 per cent; indol and skatol, which are indicators of 
marked decomposition, were present; and the average bacterial count 
was 16,300,000 per gram. It should be noted that this sample con- 
tained 6 per cent of the eggs graded. 

16. In strong contrast with the figure of 6 per cent in the experi- 
mental tanners’ egg are the figures of 1 per cent and 2 per cent of eggs 
graded out as tanners’ ege by the manufacturers (Table 20). The 
lower proportion of eggs so graded by the manufacturers is clearly 
reflected in the analytical results of 6.4 and 7.2 milligrams per 100 
grams for ammonia nitrogen, of 2.18 and 2.29 cubic centimeters of 
N/20 sodium ethylate required per gram for acidity of fat, of 0.21 
and 0.21 per cent for reducing sugar, of 198,500,000 and 360,000,000 
per gram for bacterial counts, and by the presence of indol and skatol. 
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17. The question of the propriety of saving and freezing the drip 
from the breaking knives and trays has arisen several times. Giving 
due consideration to the effect upon the analytical figures of the large 
proportion of egg white contained in drip, the results of analysis of 
such material (Table 21) show that it was decomposed to such an 
extent and had such a high bacterial count that it was unquestionably 
unfit for food. The average figures were: For total solids, 20.44 per 
cent; for ether extract, 5.62 per cent; for ammonia nitrogen, 2.6 
milligrams per 100 grams; for acidity of fat, 1.89 cubic centimeters 
of N/20 sodium ethylate required per gram; for reducing sugar, 0.35 
per cent; and for bacterial count, 63,500,000 per gram. The odor was 
strong and sour. 

18. The results so far discussed were obtained on samples which con- 
tained more than one kind of egg, for the reason that they were made 
as commercial frozen egg products would normally be made. The pro- 
portions of the different types of egg which went into each sample 
are shown in Tables 8 to 21. Table 22, however, includes a group 
of samples, each prepared from only one kind of egg, all of which were 
considered inedible. The table is self-explanatory. Unfortunately, 

bacteriological examination could not be made of samples 23, 24, 25, 
27, and 28 because their delivery from a freezer was so delayed that 
they became too much melted for the purpose. They were not 
sufficiently melted, however, to affect the chemical results. 

19. In some small breaking plants not provided with “sharp”’ 
freezers, with which all breaking plants should be equipped, it is the 
practice to save the liquid egg all day, transporting it to a freezer at 
the close of work. Eggs are too perishable a product to be treated 
in this way, as shown by the fact that when portions of sample 60, 
which showed 2.8 milligrams per 100 grams for ammonia nitrogen, 
1.83 cubic centimeters of N/20 sodium ethylate required per gram for 
acidity of fat, 0.31 per cent for reducing sugar, and 2,800,000 bacteria 
per gram, were held for 23 and 29 hours at 66° F. they showed, 
respectively, 6.7 and 8.2 milligrams per 100 grams for ammonia 
nitrogen, 2.29 and 2.27 cubic centimeters of N/20 sodium ethylate 
required per gram for acidity of fat, 0.02 and 0.00 per cent for reduc- 
ing sugar, and 284,500,000 and 250,000,000 bacteria per gram 
(Table 23). 

20. Tables 8 to 23 clearly indicate that the standard analytical 
methods evolved during this investigation gave concordant results 
in the hands of a number of analysts, and that the results thus ob- 
tained correspond to the quality of the egg product. It becomes 
possible, therefore, to express In some concrete form a composite 
picture of each sample examined. 
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INTERPRETATION OF RESULTS OF INVESTIGATION. 

A series of plots (figs. 1, 2, 3, 4, and 5) was made, with the purpose 
of finally grouping into a single expression the information obtained. 

AMMONIA NITROGEN, 

On cross-section paper the amounts of ammonia nitrogen, expressed 
as milligrams per 100 grams of sample on the wet basis, were plotted 
as ordinates against the percentages of ether extract as abscissas. The 
percentages of ether extract as abscissas were chosen not because the 
ether extract is destroyed by bacterial or enzymatic action in direct 
proportion as the ammonia increases, but because the normal amount 
of ammonia was found to be greater in yolk than in whole egg, even 
when prepared from the freshest eggs obtainable. It is also a known 
fact that practically all of the ammonia nitrogen occurs in the yolk - 
and that there is no appreciable increase of ammonia nitrogen in the 
whites of storage eggs or in decaying liquid whites. Therefore any 
increase in ammonia nitrogen in whole egg is due to decomposition 
of the yolk, of which the white acts practically as a diluent. Because 
the ether extract is the best available measure of the amount of yolk 
present, it was used as the abscissa. Moreover, there is a very great 
tendency at present to make yolky mixtures, which theoretically 
may be judged as to quality, as far as ammonia is concerned, if a 
curve can be drawn, one end of which is determined by the results 
found for white and the other end for yolk, and which will pass at an 
intermediate point through the results for whole egg. 

The increased amounts of yolky mixture now made are largely _ 
due to the demand at present for much more yolk than white. If 
no preventive steps were taken, white would become a drug on the 
market. Consequently, in making contracts, especially in the pro- 
ducing section, many breakers demand that the bakers shall take 
equivalent amounts of yolk and white. As this would provide the 
bakers with more white than they need if they based orders on their 
requirements for yolk, they overcome the difficulty by ordering what 
white they need and then arranging that the equivalent amount of 
yolk shall be mixed with enough whole egg to give them an amount of 
yolky mixture equal to the necessary amount of yolk. They can not 
entirely substitute yolky mixture for yolk, but they can do so toa 
very large extent, if they are careful not to have so much whole egg 
in the mixture that their baking recipes are upset. Obviously, in 
filling one contract, the amount of yolk in the yolky mixtures may be 
high, while in another it may be low, with the possibility of all de- 
grees of intermediate mixtures. The amount of whole egg in the 
mixture has been observed to increase as the season advances. To 
judge such mixtures fairly it has been proposed that the ammonia 
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nitrogen be calculated to a water-free, fat-free, sugar-free basis, 
instead of to the much simpler wet basis. This would be necessary 
except for the fact that the same result is accomplished with much less 
labor by plotting the ammonia nitrogen against the ether extract. 

Such a plot of the results in Tables 1 to 23 is presented in figure 1. 
In it the positions for the results from samples considered edible are 
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shown by dots, while crosses have been used for the results from 
inedible samples. In the case of border-line or questionable samples, 
each result has been indicated by a dot with a line drawn through it. 
A line, which separates very well the dots from the crosses, has 

been so located that all of the dots are below it, with the exception of 
two at the extreme left of the chart which represent white and un- 
doubtedly are due to analytical errors. The dots and crosses between 
9.5 and 13 per cent of ether extract represent whole egg. Within 
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these limits the maximum amount of ammonia nitrogen, as indicated 
by the line, varies from 2.45 to 3.16 milligrams per 100 grams. The 
dots between 22 and 24 per cent of ether extract indicate yolk, and 
in these samples the maximum ammonia nitrogen varies from 5 to 
5.4 milligrams per 100 grams. The encircled dot at the intersec- 
tion of 26.65 per cent of ether extract and 2.7 milligrams of ammonia 
nitrogen represents yolk from the freshest eggs obtainable. The 
corresponding dot for whole egg is at the intersection of 10 per cent 
of ether extract and 1.5 milligrams of ammonia nitrogen. The dis- 
tance below the line at which these dots are located is noteworthy. 
The dots in the neighborhood of 18 and 19 per cent of ether extract 
represent sugared yolk, and the cross at the intersection of 5.7 per 
cent ether extract and 2.6 milligrams of ammonia nitrogen represents 
drip. 

As almost all of these results were obtained from August eggs, 
when eggs are in the poorest condition, there can be no reason to 
believe that the ammonia nitrogen figures for edible material will be 
appreciably above the line at any season of the year. The line is 
applicable for white, whole egg, yolk, or yolky mixtures made from 
fresh or storage eggs. 

To carry such a plot continually around in order to ascertain 
whether the result for ammonia nitrogen of any sample would fall 
above or below the line would be inconvenient. Moreover, some 

form of expression which can be used in forming a composite picture 
of all of the different analytical results is very desirable. The proper 
mathematical expression for the line is evidently what is needed. 
The expression for such a line is 

es ee xn X— X") or R-R'= waar =k Q-—Q’) 

Widely separated values for R’, Q’, R’’, and Q’’ were selected from 
the plot as follows: 

R’ =0.5 Q’ =0.0 R” =5.0 Q’’ =22.0 

These values establish the position of the line, whether analytical 
results or not. Then 

0.5— DS (yeas R-0.5 0.0— = C= 0.0) 

and the vertical distance of any point from this line, in terms of 
milligrams of ammonia nitrogen per 100 grams of sample, will be 

0.5—5.0 
D=R—-0.5— 0.02 er Com 0.0) | 

Solving this equation, it becomes 

D=R=0.205: 90.5 
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If dealing with a sample of unknown quality, substitute for & in the 
equation the milligrams of ammonia nitrogen per 100 grams of sample 
on the wet basis, and for Q the percentage of ether extract. If on 
solving it, the result is less than zero, the sample contains less ammonia 
nitrogen for the amount of ether extract involved than was found to 
be the maximum amount in the samples examined in this investiga- 
tion, and may be considered edible as far as ammonia nitrogen is con- 
cerned, although the determinations of other constituents might show 
it to be inedible. Obviously, the magnitude of the figure measures 
the quality of the sample, in respect to this one constituent. If on 
solving, the result is more than zero, the converse interpretation is 
applicable. 
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PLP. CENT ETHER EXTRACT 

Fic. 2—Acidity of fat results. 

ACIDITY CF THE FAT. 

As has already been pointed out, the acidity of the fat is normally 
slightly higher in yolk than in whole egg of the same quality, although 
theoretically there should be no difference. It is therefore logical, as 
in the case of ammonia nitrogen, to plot the acidity of the fat against 
the ether extract, expressing the acidity as the equivalent number of 
cubic centimeters of N/20 sodium ethylate per gram of fat and the 
ether extract as per cent. The plot will hold for yolky mixtures, as 
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well as for whole egg or yolk, prepared from either fresh eggs or 
storage eggs. 

Such a plot of the results in Tables 1 to 23 is given in figure 2, the 
dots and crosses having the same significance as in the ammonia 
nitrogen plot (fig. 1). A line separating them has been drawn, leaving 
six crosses below the line, and one dot above it. If there were six 
dots above the line and one cross below it, the position of the line 
might with justice be criticised. The fact that there are six crosses 
below the line, however, merely shows that, in those particular 

samples, the decomposition was not of a lipolytic nature, but was of a 
proteolytic or fermentative nature. 

The dots and crosses between 9.5 and 13 per cent of ether extract 
represent whole egg. Within those limits the maximum amount of 
acidity of the fat, as indicated by the line, varies from 1.94 to 1.97 
cubic centimeters of N/20 sodium ethylate required per gram. The 
dots between 22 and 24 per cent of ether extract, representing yolk, 
show a corresponding variation for acidity of the fat from 2.04 to 2.06 
cubic centimeters of the N/20 sodiumethylaterequired per gram. The 
dot at the intersection of 26.65 per cent of ether extract and 1.72 cubic 
centimeters sodium ethylate required stands for yolk from the freshest 
eggs obtainable. The corresponding dot for whole egg lies at the 
intersection of 10 per cent of etherextract and 1.49 cubic centimeters 
required. The distance below the line at which these dots are located 
should be noted. The dots in the neighborhood of 18 and 19 per cent 
of ether extract represent sugared yolk, while the cross at the inter- 
section of 5.7 per cent of ether extract and 1.89 cubic centimeters of 
N/20 sodium ethylate required represents drip. 

Again, widely separated values are selected from the plot: 

eee DB —t,90) Of = 29,0 fo pigs A1(8 

These may be substituted in the straight-line expression 

- 7 Sp 

| S-8'-gag7 @-@) 
to give 

1.90 — 2.10 
S—1.90=— 0-599 (Q—5.0) 

The vertical distance of any point from this line in terms of cubic 
centimeters N/20 sodium ethylate required per gram of fat will be 

j “1.90—2.10 
D’=S— 1.90-| ae (Q— 5.0) | 

Solving this equation, it becomes 

D' =S —0.008Q — 1.858 
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Tf dealing with a sample of unknown quality, the actual values for 
acidity of the fat and ether extract are substituted for S and Q, 
respectively, and the result is interpreted as eqeleined under the 
ammonia nitrogen plot (p. 63). 

REDUCING SUGAR. 

As the reducing sugar is a part of the egg solids not fat, it is 
plotted in figure 3 against the differences between the total solids 

and the sums of the ether 
extract, sucrose, and salt, 

all factors being expressed 
as percentage on the wet 
basis. While no determi- 
nations of sucrose and salt 
were made, the amounts al- 

leged to be present by the 
manufacturers were assum- 
ed to be present in those 
samples containing sucrose 
or salt. 

As in the other plots, a 
line has been drawn to sep- 
arate the dots and crosses. 
In the case of reducing 
sugar, where decomposition 
is accompanied by a de- 
crease instead of an- in- 
crease, all the dots should 

be above the line. All are 
above, except two which 
are relatively close to the 
line. It will be noted that 

0.00 x \ 70 11 12.13 1415 1617 1819 20 2) 22 23 PAPEOE os : (he CNG RENE EEF eight crosses are above the 

Fic. 3—Reducing sugar results. line, for which fact an in- 
terpretation analogous to 

that given under acidityof the fat (p. 64) is advanced, namely, that in 

those particular samples the decomposition was not of a fermentation 
character, but was of a proteolytic or lipolytic nature. 

The majority of the dots and crosses for whole egg lie between 
16 and 18.5 per cent of egg solids not fat. Within those limits the mini- 
mum percentages of reducing sugar, as shown by the line, vary from 
0.288 to 0.216. The dots between 20 and 23 per cent of egg solids 
not fat represent yolk. Within these limits the minimum correspond- 
ing amounts of reducing sugar vary from 0.172 to 0.086 per cent. 
The dots for sugared yolk are very close to 20 per cent of egg solids 

153352°—20—Bull. 846-5 
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not fat, and vary between 0.28 and 0.26 per cent of reducing sugar. 
The equation for the line in this case is: 

U’ — U’’ fe jf — 7 
U se Day had 

which, on substituting the widely separated values, 
U’ =0.46 of ERT 0 Cae = 00 Li = 260 

becomes 
0.46 — U—0.46 ee 10.0) 

The vertical distance of any point from this line in terms of per- 
centage of reducing sugars will be 

x 0.46 D’ = v-0.46-| 5555 56.9 (2-10. 0) | 

Solving this equation it becomes 
D"’ = U+0.029 T— 0.748 

If dealing with a sample of unknown quality, substitute the values 
found for reducing sugars and egg solids not fat for U and 7, respec- 
tively, and give the converse interpretation to that explained under 
the ammonia nitrogen plot (p. 63). 

COMPOSITE RESULTS. 

In deciding whether or not a frozen egg product is edible and may 
pass freely into commerce, it is only in extreme cases that dependence 
can be placed upon the determination of any one constituent. In 
ordinary cases, all the analytical figures must be considered in their 
relation to one another. If, therefore, the values of D, D’, and D’’ - 
(pp. 62, 64, 66) can be grouped into a composite whole, and factors 
can be added for the bacterial content, for the B. coli content, and for 
the presence of indol orskatol, of mold clumps, and of embryos, and if 
the proper relative weights can be found for the different factors, 
a definite, nonvarying basis of interpretation is provided. The 
relative weights must be such as to insure a final result which will 
be less than zero for each of the samples in Tables 1 to 23 considered 
edible, as well as a proper article of commerce by the experts who 
made them or saw them made, and which will be greater than zero 
for each of the samples made from inedible raw materials according 
to the judgment of these same experts. 

Consequently, a rather lengthy series of trials has been made, 
with the purpose of evolving such a composite expression on what 
is really a bonus and penalty system. It has been impossible to 
devise a formula which would separate absolutely the two classes 
of products. By giving the manufacturer the benefit of the doubt 
in the border-line cases, however, the following formula has been found 
to serve admirably for white, whole egg, yolky mixtures, and unsug- 
ared yolk, prepared from fresh eggs or storage eggs. It applies, of 
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necessity, only to egg material to which no gross addition of foreign 
material has been made and which can be recognized by the fact 
that in white, yolk, whole egg, or yolky mixture, the total nitrogen 
should amount to 12 to 14 per cent of the solids not fat. 

W xX fei 1 TL Va wae 10.0D+10.0D On +) +5 900,000 - 500,000 +Y+Z=0 

or 

10.0(R — 0.205Q — 0.5) + 10.0(S—0.008Q — 1.858) — 25.0 (U+0.029 T 

— (0.748) + V4 W + x +Y+Z=0 
5,000,000 500,000 

Q = Per cent ether extract, wet basis. 
R=Milligrams ammonia nitrogen per 100 grams, wet basis. 
S= Acidity of the fat per gram, as cubic centimeters N/20 

sodium ethylate required. 
T= Per cent egg solids not fat, wet basis. 
U= Per cent reducing sugar, as dextrose, wet basis. 
V=5, if indol or skatol present; 0.0, if absent. 
W=Number of bacteria per gram, wet basis, developing on 

plain agar, at 20° C. in 5 days. 
X =Number of confirmed B. coli per gram, wet basis, produc- 

ing 10 per cent or over of gas in lactose broth, at 37° 
C. in 2 days. 

Y =1 for each mold clump found per 30 pounds of egg material. 
Z=0.5 for each embryo found per 30 pounds of egg material. 

An explanation of how the values for V, 5,000,000’ sant ve 

and Z were determined is necessary. 
The value of 5 for V, if indol or skatol was found present, was 

reached by substituting for V different values in the formula until 
the proper value was found. 

The divisor in saaNT0 was decided upon by entering on a chart 

(fig. 4), against the number of bacteria present, a dot if the sample 
was considered edible, a cross if it was considered inedible, and a 
dot with a line through it if it was considered of questionable charac- 
ter. It is understood that dividing Wby any divisor and adding the 
result to the formula gives a figure which places a penalty upon the 
presence of any bacteria. This is as it should be, since theoretically 
there should be no bacteria present. Practically, it is impossible, 
unless the aseptic precautions of the bacteriological laboratory 
are employed, to open eggs without introducing bacteria. Such 
aseptic precautions can not be followed in a commercial egg- 
breaking plant. As the magnitude of the divisor determines the 
magnitude of the penalty to be imposed, it should be fairly 
large. It was decided to make the divisor 5,000,000, so that a 
penalty of unity would be placed upon any sample containing 
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5,000,000 bacteria, with a penalty of more than unity if more than 
5,000,000 bacteria were present and vice versa. In the chart (fig. 4) 

there are 8 dots above the 5,000,000 line and 3 crosses below it. 

The penalty imposed in the case of samples with dots above this line 
is not sufficiently great to cause any of them to have a formula value 
greater than zero. The choice of 5,000,000 is further vindicated 

by the extensive experiences of three mambers of the Bureau of Chem- 
istry in examining commercial. frozen egg products and by the 
narrated experiences of a bacteriologist in a commercial egg-breaking 
plant who stated that in his opinion no frozen egg product should 

contain more than 5,000,000 bac- 
x | ; 
8 teria at any season of the year. 

KS Xx NBN) Th ie . 2 

§ e divisor in -.~~— was de- 38 500,000 
f8,000000 termined in a similar manner 

pees ee ee The values assigned to Y and 
S 7000000 Z are in conformity with what 
9 2000000 juries and judges have been found 

Ni 9000000 to tolerate or condemn in the 

X ppnneal ie Pa past, and are also in accord with 

Ree, the 5 per cent bad-egg ruling of 
S sacaa00-—* the Department of Agriculture. 
4000000 For sugared yolk, which may 

N 3.000.000—+— be recognized by the fact that 
6 2000000 4———— the solids not fat will be almost 
K ceidseee ES 

oO ——n 8 25g ee 

Fia, 4.—Total bacterial counts. 

double the ether extract, as com- 
pared with approximately equal 
amounts of these two constituents 

in the case of unsugared yolk, this formula must be modified to 
the following form, based upon the plots: 

10.0 (R—0.205Q — 0.5) + 10.0 (S— 0.008Q — 1.158) — 25.0 (U+ 0.029 7 

a Bs W xX 
— 0.798) + V+ 559,000 + 500,000 + ¥ t2=0 

It is important to see how these formulas actually work out in 
practice. At the bottom of Tables 1 to 23 will be found the formula 
values for the samples, the formula being calculated in each case for 
the average of the results of the individual analysts. In Tables 1, 
2, and 3 the formula values are negative, and of a very appreciable 
magnitude. In Table 4 the formula value is small, as would be 
expected in all samples of egg white. In Table 5 all the values are 
negative, and decrease in magnitude with the length of time the eggs 
were held in storage. It will be noted that in the first three formula 
values there are terminal plus signs. These indicate that it probably 
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would have been necessary to make an addition to the formula, if a 

bacteriological examination had been made. This explanation applies 

wherever a terminal plus is found in a formula value. 
In Table 6 there is a regular progression from a good-sized negative 

value to a positive value as the length of time in storage increases. 
That a positive value was obtained for the yolk from eggs held in 
storage for the longest period of time, while a negative value was 
found for whole egg made from the same raw material, is somewhat 

inconsistent. It might be argued that it is fair because the yolk 

decomposes more readily than the white which is included in the 

whole egg. On the other hand, however, if the yolk is really decom- 

posed, the whole egg containing it should not be considered edible. 

The advisability of proposing a separate formula for yolk from 

storage eggs in order to obtain a negative value for this yolk was 

considered, but was discarded, because the fewer the formulas the 

better. Moreover, the present 
formula gives negative values for 
the yolk from eggs held in storage a8 
for 8 months, and presumably S8 
would give similar resultsfor eggs 08 ,, 

held 10 months, probably the g0000 

longest period for which eggsused ¥& 

for making frozen yolk would be \ 720.000 

held. Possibly such raw material & 072007 
might be used for whole egg but Tae 

not for yolk. ee: 

Table 7 shows all white from 8 200200 

storage eges with negative values, “@?777 
or with results so slightly above 
zero as to be accounted for by 
analytical errors. Table 8 shows all samples of experimental first- 
grade whole ege with negative values, even with bacterial contents as 
high as 10,500,000 per gram. The uniformity of analytical results, and 
especially of formula values, of these samples prepared from a wide 
variety of raw materials and in three different factories is noteworthy. 
The formula values for the commercial first-grade whole egg are 
given in Table 9. These samples were prepared in the same factories 
and from the same raw materials as the samples in Table 8 with 
which they are entirely comparable. It should be noted that all the 
values are negative, and that the samples were made from August 
eggs, the poorest eggs of the year. 

All the samples of commercial first-grade whole egg containing 
sugar and salt in Table 10 gave negative formula values, even with 
bacterial contents as high as 15,000,000 per gram. All the samples of 

Fic. 5.—B. coli counts. 
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experimental and commercial soft-grade whole egg found in Tables 
11 and 12 show negative formula values. 

As previously pointed out, an attempt was made by the manu- 
facturers who cooperated in this work and by the Bureau repre- 
sentatives to separate edible breaking stock into two portions, one 
designated as first grade to be of higher quality than the other 
designated as soft grade. The formula values for these four groups 
of samples, as given in Tables 8, 9, 11, and 12, show variations 
between the following limits, —9.24 to —4.11, —7.12 to —3.17, 
—7.33 to —4.17, and —9.88 to —1.44, and indicate very strongly 
that such grading is impossible with breaking stock eggs, as the varia- 
tion within each group was far greater than was the variation be- 
tween the different groups. All samples prepared from leakers as 
given in Table 13 have negative formula values, the one of least 
magnitude being the one prepared under the most unfavorable con- 
ditions. Tables 14, 15, and 16 for yolks show negative formula 
values, with but small range of magnitude. 

This completes the results obtained for samples considered edible 
by the Bureau representatives who made them or saw them made, 
and for which the formula values are less than zero. The questionable 
and inedible samples described in Tables 17 to 23 should show values 
very close to zero or greater than zero if the formula is reliable. 

Table 17 contains the results of analysis of samples of experimental 
second-grade whole egg. All the formula values are positive, except 
that for sample 32 which was a low first rather than a second-grade 
product. The leniency of the formula is shown in Table 18, in which _ 
two of the samples of commercial second-grade egg have negative 
values, even though one of them contained 17,500,000 bacteria per 
gram. This sample was prepared from April eggs, a fact which helps 
materially in explaining the chemical figures. It probably represents 
a low first rather than a second-grade product. 

Tables 19 and 20 show high positive values. The formula value 
for drip given in Table 21 is an index of the character of this product. 
In Table 22 are collected the results of the examination.of samples - 
made from different types of eggs considered inedible unmixed with 
other eggs. All have positive formula values. Table 23 shows de- 
composition due to delay in freezing. The progressive change from 
negative to positive values is interesting. The values for samples — 
62 and 63 are for badly decomposed material. 
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SUMMARY OF RESULTS. 

To summarize, the formula separates the samples into edible and 
inedible groups which agree with the classification based upon the 
known quality of the raw materials from which they were made. If 
the formula errs in either direction, it is in the direction of leniency. 

In order to make comparisons easier, the average results for the 
different groups of egg products, with the formula values for such 
averages, have been gathered together in Tables 24 and 25. 
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The results presented in Tables 24 and 25 are summarized even more 

briefly in Table 26. 

TaBLE 26.—Limits of variation found. 

' Whole egg. 

Freshest Ee cold Regular Breaking 
Determination. obtainable. to face onths breaking stock. stock. 

Opened Opened | Considered edible. | Considered inedible. 
aseptically. Ass A eally Opened Opened 
June and near aria, commercially. commercially. 
July eggs ay eggs. August eggs. August eggs 

Total solids (per cent)....- 25.96 to 27.19 | 27.88 to 29.34 25.81 to 30.30 26.68 to 29.45 
Ether extract (per cent)..} 9.31 to 11.01 | 10.52 to 10.88 9.66 to 12. 71 9.79 to 12. 44 
Total solids minus ether 

extract, sucrose, and 
salt (per cent)......-.-- 16.18 to 16.65 | 17.36 to 18, 46 15.98 to 18.19 16.11 to 17. 26 

Ammonia nitrogen (mg. 
per 100 grams)...-....-- 1.0 to 2.0 2.6 to 3.2 1.6 to 2.8 2.2 to 12.8 

Acidity of fat (cc. N/20 
sodium ethylate per 
BTANY) oe cee re see oa 152) tot As729) 1. 50:te; 1.:83 1.59 to 1.99 1.72 to 6.61 

Reducing sugar Der cent).| 0.29 to 0.36] 0.31 to 0.41 0.27 to 0.33 0.00 to 0,31 
Bacteria, 20° C., 5 (ays. - 0.0 to 0.0 0.0 to 0.0 | 70,000 to 15,009,000 |380,000 to 397, 000, 000 
Acid producers, 37° C., 
PES ee heh aie See eee | eels ee ee eens |S ere etcistc jaye 0.0 to 850,000 |100,000 to 280,000, 000 

Aiteall | ae By faaan OF 
DO BY S sem scce o oase sone |eaeees keoee aces [te oecmisnem se ujetste 9.0 to 260,000 0.0 to 135,000, 000 

B. coli, 37° C., 2 days...--- OF0) 700) 2030) |S 22 sees scons 100 to 1,000,000 1,000 to 10,000,000 

Yolk. 

Freshest pee oe 4 Regular 
Determination. obtainable. aie. Sane breaking stock. 

Opened Gnas Considered edible. 
aseptically. as ae all Opened 
June and NEC E commercially. 
July eggs. May eggs. August eggs. 

Total SOldS (Nercent)s..2o.c2-s. cee os cee 46.93 to 50. 90 39.43 to 43.87 43.10 to 44.84 
Ether extract (per cent)....------.--------- 24.49 to 28. 78 19, 24 to 22. 74 22.18 to 23. 69 
Total solids minus ether extract, sucrose, 
and salti(Per Cent iso. s. j225- ose ea ene ee 22. 44 to 24.01 20.19 to 21.13 20.16 to 21.15 

Ammonia nitrogen (mg. per 100 grams)...-. 2.5 to 3.1 3.8 to 6.4 4.0 to 4.4 
Acidity of fat (cc. N/20 )sodium ethylate per 
Fad 11) J Ere eae tae eet See ere ee 1.44 to 1.96 1,53 to 1.82 1.80 to 1.99 

Red#eing sugar ae COM). sae ce eo saccge ne 0.08 to 0.20 0.18 to 0.29 0.17 to 0.20 
Bacteria, 20°C: 5 days. Ja-ceeeces cep esee se 0.0 to 0.0 0.0 to 87,000 240,000 to 5, 300, 000 
Acid producers, 37° Cie D CaySie aie Sosa sesclseesrecreuasescveleacecehe see ae sees 0.0 to 0.0 
Alkali producers, 37° od, ¢ 2 OAYSoccicete an cee | tem eeennie aie se sreie leis | area sinlcalaveiwiniavern ela 0.0 to 0.0 
‘Bis Clio 2 ee, 2 days Be clever stare ore (ae eae Sete tee ihe 3 Res crete 0.0 te 0.0 100 to 100,000 

Sugared yolk. White. 

Regular F Held in cold 
ee breaking stock. reshest storage from 4 

Determination. Considered ee to 13 months. 
edible. ane ve call Opened 
Opened Taha, aah aseptically! 

commercially. While uate April and 
August eggs. ¥ ©88s. ay eggs. 

Moralisolids/(Permeent)2sco5=se2-2enscesr ea] 48.46 to 49. 06 11.80 to 12. 838 13.96 to 15, 54 
ther extract-(per Celt). ...------<--------- 17.94 to 18.65 0.01 to 0.12 0.03 to 0.07 
Total solids minus ether extract, sucrose, 

eandisalt. (percent)... ss«ecc senceaneeeees 20. 32 to 20. 52 11.79 to 12.71 13.92 to 15.51 
Ammonia nitrogen (mg. per 100 grams)..... 3.1 to 3.7 0.0 to 1.2 0.4. to 0.8 
Acidity of fat (ce. N/20 ysodium ethylate per 
SPAIN Soyer aera years Meee Sen ae eee HOE tO VON rrecianatasaeiccesent lease ccaeereemen ee 

Reducing sugar (per (1-11) ee eee 0.26 to 0.28 0.31 to 0.46 0.37 to 0.55 
Bacteria, 20° C;,.6 days... -22sc2cscaceciacact 220,000 to 950,000 0.0 to 0.0 0.0 to 110,000 
Acid producers, 37° C., 2 days 
Alkali producers, Bye é. 2 days 
B. coli, 37° C., 2 days 
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METHODS OF EXAMINATION OF SAMPLES. 

METHODS TESTED. 

In the course of the preliminary preparation and examination of 
samples in the laboratories numerous questions arose concerning the 
details of the analytical methods. During the examination of sam- 
ples prepared in egg-breaking plants, and subsequently, experiments 
were performed to settle these questions, a short discussion of which 
would seem proper at this place, to save the time of chemists who, not 
knowing that such experiments had already been made, might again 
cover the same ground. 

Use or SAND IN THE. DETERMINATION OF TOTAL SOLIDS. 

One of the analysts who tried this procedure in his preliminary work 
reported that he considered the use of sand an improvement, in that 
the drying period was generally shortened, the final results being the 
same with sand and without, in the case of whole egg. With yolk, 
the results were invariably found to be higher when no sand was used, 
presumably due to incomplete drying. With white, the results were 
reported asinconclusive. It was noted that due to other demands on 
the suction pump, the average vacuum was only 22 inches, which is 
believed to be the explanation for the difficulty with yolk. 

TABLE 27.—Percentage of total solids obtained when sample 1s dried with and without sand. 

Whole egg. 

Dried with 10 Dried without 
Sample No. grams sand in sand in 3-inch 

3-inch lead dish. lead dish. 

A. B. A. B. 

Per cent. | Per cent. | Per cent.} Per cent. 
39 2 eee sie cise ato ie mraieta cis Weice soci wieiens mahal aoe e 26.98 26. 86 27. 00 27.01 
CUYE) + saue =e ccc CS CESUEOe TBD GCOS CEEMeA CEE Eee er Hee Merereirr 26. 04 26. 14 26. 12 26. 26 
BS Cee Be iG ISIE eee a pe a apes ek aE eee ee ge el 26. 27 26. 12 26. 35 26. 39 
OMe ee me te rece ln SS ee So gemalec cis oie a ysre gene 26. 61 26. 75 26. 80 26. 78 
ALT Ge era gs EST eee LS NE TNS ORE OE Sa 26. 52 26. 45 26. 56 26. 56 

PANY Cie Clee of ae ke MS a Be Ye be ic Sede ee eS 26.47 26.58 

Yolk. White, 

Dried with 5-10 Dried without Dried with 5-10 Dried without 
Sample No. grams sand in sand in 3-inch grams sand in sand in 3-inch 

3-inch lead dish. lead dish. 38-inch lead dish. lead dish. 

A B. AS B. A. B. A. B. 

Per cent.| Per cent.| Per cent. | Per cent.| Per cent. | Per cent.| Per cent.| Per cent. 
WM oo SoS BOOED OCOoE 50. 49 4 50. 7 , 12. 78 12. 93 12. 78 Lost 
AA] See ata eed See 50. 82 50. 90 50. 99 50. 91 WES 12. 29 12. 36 12. 36 
CTS Ne ee eee etait 50. 52 50. 58 50. 79 50. 79 12. 79 12. 85 12. 82 12. 83 
AAR) Re ers ate e since 50. 13 49. 90 50. 51 50. 42 12. 04 12. 04 12. 26 12. 22 
AR a ae eR ey a eed 50. 51 50. 45 50. 81 | 51. 03 12. 56 12253) 12. 83 12.85 

Average...----- 50.48 50.78 12.52 12.60 
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Tn the opinion of the chemists who finally passed upon the methods, 
the slight differences in results do not warrant the extra labor con- 
nected with the use of sand. 

AMOUNT OF SAMPLE TO BE USED For ToTaL Souips DETERMINATION. 
oe 

The reason for investigating this matter was connected primarily 

with the determinations of ether extract and of acidity of the fat 
which it was considered might be made more accurate by using larger 
amounts of sample. The question then arose as to whether these 
larger amounts of sample could be completely dried to give correct 
total solids. The results obtained are given in Table 28. 

TaBLE 28.—Percentage of total solids obtained with varying amounis of sanvple. 

Using 2.54 grams. | Using 5.04 grams. 

cau Initial of analyst. 
A. Bt A. BS 

Per cent. | Per cent. | Per cent. | Per cent. 
B 26.09 27.68 27.63 7. 68 
Dies 27501 20.7. 2lale 27.12 

16: [Hrs .- Dor VA Wf 27.16 27.21 
26.73 30. 04 26. 86 28. 90 
2late 27.50 Pa(aaye 27. 42 
29. 58 29.7 29. 60 29.61 

| 31.77 30. 34 29.75 29. 83 
18 29. 06 28. 86 28. 92 28.88 
| 29.09 28. 69 28. 45 28.73 

29.97 30. 41 29. 90 30.02 
30. 36 29.92 29. 83 29.99 

1 } S127 30. 66 30. 69 30. 84 
30. 32 30.35 30. 44 30. 33 
29. 46 29. 51 28. 55 29.94 
29. 24 29.38 28.75 22. 82 

3 29.12 29. 23 29. 06 28.99 
28. 53 28. 23 28. 41 28.31 
29.00 28.81 28. 44 28. 65 
21.22 21.05 20. 88 20.84 

15 19. 58 19.47 19. 61 19. 44 
: 20. 5d 20. 40 20.01 20.37 

21s5T 21.79 21.55 21..63 

Average 27,58 27.31 

There is not much difference in the results obtained by the two 
methods, but what little difference there is indicates the desirability 
of using the larger amount, as it gives more uniform results, pre- 
sumably due to decrease in the percentage error. 
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DETERMINATION OF ETHER |) XTRACT FROM THE SoLips Drizp WiTrH AND 

Wirnout SAND. 

The analyst who proposed the use of sand in the determination of 
solids noted that sand had no effect on the amount of ether extract 
obtained from whole egg or yolk, and did not seem to accelerate the 

The figures which he obtained are given in Table 29. extraction. 

TaBLE 29.—Percentage of ether extract obtained when sample is dried with and without 
sand. 

From solids From solids From solids 
with sand. without sand. with sand. 

Sample No. Sample No. 

A, B. A. B. A. B. 

Per Per Per Per Per \“ Per 
Whole egg: cent. cent. cent. cent Yolk: cent. cent. 

B02) Cees. 10.24} 10.13] 10.23} 10.15 MA Mipsis eee 28.81] 28.89 
BOlanneceeees 9.32 9. 42 9. 38 9.39 BATS erate oret rots 28.12 | 28.27 
BOAR eee ese 2. 9.97 9. 64 9. 68 9.71 AA(QUee es ehsee 27.37 | -27.51 
2 Ue oeeebecus 9.97} 10.03 | 10.04 | 10.07 AARO eihrar setts 27. 20°} 27. 12 
BOR semi e . 9.95 9.90 9.93 9.90 AAR Ieee ere 27.36.| 27.43 

Average... . 8.86 9. 83 Average ... 27.81 

From solids 
without sand. 

A. ‘Be 

Per Per 
cent. cent. 
28.70 28. 71 
28.07 28.07 
27.48 27. 29 

Lost 27.06 
21300 2100 

27.81 

Errect vpon Eraer ExTrract DETERMINATION OF THE AMOUNT OF SAMPLE UsEp 

ror ToraL SoLips DETERMINATION. 

The difference is so small as to show that either amount may be 
used, with a slight preference for the larger amount because of greater 
uniformity (Table 30). 

TABLE 30.—Percentage of ether extract obtained with varying amounts of the sample. 

Using 2.54 grams. | Using 5.0+ grams. 

pomple Initial of analyst. 

A. B. A. B. 

Per cent.| Per cent.| Per cent.| Per cent. 
1B SG ASAE OO ORICON tee Ms one 4 oR REM a tent SCE RES Coonan 10.64 10.74 10.72 10.70 
1D) sce e OC at ea ESC RSE PERE RG eIE en ie RS Ar i Neer aly 10. 54 10. 46 10. 46 10.51 

ING Sapa rae ne i nd ae I eS Ae UE ON i 10.51 10.30 10.52 10.41 
ET SUG a See Si wane gear GeO pL ooet VANS ORI a A nee 10.31 10.13 | 10. 44 10.17 

Lec Ses HOOT HIG Sige WS YA VENULD ea See 10.60 10.70 10.52 10. 46 
BES ae oe ert pik shar Ch kal dn tag apa La aeNN ee UMMM Se AC! 11.16 11.18 1715 22 

18 1D) Sees Geses RRP CEI Teer CaP EEN See ict ey a a eR 11.56 12.78 11.58 11.46 
PEST sin rea OHS NL CU eo ae A a de 10.88 10.64 9.89 10.81 
Se SEES Soe Suan a te cere eeeanal it a hE Sel Fore a og) LI 11.33 133) 11.14 11.18 
HIE) Peary IRIS is Th che Sa alana eg Se Gos 12.36 12.44 12.47 12.45 

1 FET res sath area tees is is leis sob nal Mead pa eine le A an 13.12 12.65 12.85 12. 84 
H OSE SS CODES CEG EIS Lae Ea pe ne re Meas lg Te Ee NCU SIMD MUO ae ke) 13.00 12.60 12.63 12.82 

} S.. SSS OSE UCT ERE ERs HIE tee tO een 11.63 11.97 12.90 12,11 
1 Gere IGE eat ee Pa [oD atDL dnt oA Sine Y Zeta = Rape 5 Oe LRG ila Al 175 11,54 

3 eee te eas me api: 2 URS 2 La apie ie aN 11.57 11.50 11.50 11.47 
Tia eunembea bea eu Vai a ee NE os Paes aie eupe 2 11.34 TS 5 11.46 11.42 
eee OES SO SMR NE IPS ePEeTyL AUR ATR Am se NG TNE ea a i a btair/ 11.42 12.41 L382 
AD eye ee ta at are Sans Da a Meera aD eg 6.07 5.83 5.84 5.67 

116 hye Oe BOGE a CpG OTOBE SORIA E SERB EEE Soot Coc e emi lee 5.59 5.59 5.59 5.42 
SOROS SO COME Cee a nee ments mecmlestyps. 20402 eRe Bek 5.94 5.91 5.90 5.88 

JAAN OES Oa oe Creole HB Oe RSE ais 5 icc eee 10.57 10.53 

ES 
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Knorr APPARATUS VS. JOHNSON APPARATUS FOR EDHER Extract DETERMINATION. 

As many food laboratories are equipped with the Johnson appa- 
ratus but not with the Knorr apparatus, which has almost invariably 
been recommended for egg work, a comparison of results using the 
two was made, extracting in all cases for 3 hours. 

’ 

TasLE 31.—Percentage of ether extract obtained by using Knorr apparatus and Johnson 
apparatus. 

Knorr. Johnson. 

enue Initial of analyst. sine | Weta |\ wetness 
2.54 5.0+ 2.54 5.04 

grams. | grams. | grams. | grams, 

Per cent. | Per cent. | Per cent. | Per cent. 
Re oo ose te a Sasa ho Ronee sol Hoe ne tatas caus 10. 64 10.72 10.74 10.70 
DY So etd chats Nota ats Ae ioe cd eat oa e a acre sla eae ' 10.54 10. 46 10. 46 10.51 

16 | A DR Or Seees Gon S ee SeNE 9 EEe Part  aPy  e 10.51 10.52 10.30 10. 41 
MEER pee 8 es a eh trae eh els cpg Te ee os See 10.31 10.44 10.13 10.17 
Se Ree Seer eee ee Pe, NE epee ERs > RET CEN ARNE HY | 10.60 10.52 10.70 10. 46 
IE a ere ney ae eh Sc Scere eet ce wot tn, Nea ee ae 11.16 bia ea 11.18 122 

18 PE Ee oF Rhee Bagh isto ees ere ieee eee mcs eee eee aks 11.56 11.58 12.78 11.46 
Ieee CaN e Fk cc hie Soe Ans oho cteeiaee See ean rela ameroaets 10.88 9.89 10.64 10.81 
1S See ee ee Se te eB Se. eee eee ee 11.33 11.14 11.33 11.18 
1B ene Fg ie IS ete Rema eae Cie cede Sp eterereiaters 12.36 12.47 12.44 12.45 

1 Brea osetia Se oo teak ate ew Le ee Oe ae ene ee 13.12 12.85 12°65 12. 84 
De Cepia er tet Ari ern Sa a a eel 4 ROPE Nate ena es 13.00 12.63 12.60 12.82 
B59 seanaes Boho decvard i cydtevdvcnens es oars. 2 ea bes ewe ke 11. 63 12.90 11.97 12.11 
As 2 oe oe eye ot oe ene ere Ree eee a emt eee 11.76 A175 ATL 11.54 

3 IB tact ea en ai eee aN Ce eae sire Sasi ae 10557 11.50 150 11.47 
Beal Peeks ese ete ores ease a) tesa clea psie ecient. bare te sec tee a are itact sre ahahaeet sis 11.34 11. 46 11.55 11. 42 
ee ee eee ee oe eer eee oon says 12.41 11.42 T1532 
DD Fe or seine ae wy Se anes § sine cine alee sae Saeiee sie 6.07 5.84 5. 83 5.67 

ase Edo Latah, Se 9 8 byte EER cee Seah eg MP Ae nae oe Se 5.59 5.59 5.59 5.42 
aN oe Se cea = inte raat orn oie Ree masts o traata aie cere 5.94 5.90 5.91 5.88 

BALVGR OL Gola oe et ae maa ai ogee er 10.57 10.53 

It is evident that the Johnson apparatus may be substituted for 
the Knorr apparatus, although the Knorr should always be used if 
‘possible. 

Errect or TIME OF EXTRACTION UPON THE ETHER Extract DETERMINATION. 

Nothing is gained by prolonging the extraction for more than 3 
hours, as is shown by the results given in Table 32. 

TABLE 32.—Percentage of ether extract obtained during varying periods of extraction. 

Sample Extracted 
No. 3 hours. 

Per cent. 
10. 24 

som es 
10.15 

AY, 2x22 10.19 

Extracted 
16 hours. 
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DETERMINATION oF AcrIDITY OF FAT FROM THE SoLmps DRIED WITH AND WITHOUT 

SAND. 

Obviously the acidity of the fat is not affected by the presence or 

absence of sand (Table 33). 

TABLE 33.— Acidity of fat obtained when sample is dried with and without sand. 

From solids From solids 
: with sand, without sand, 

Sample No. 

A. B. A. B. 

Copia ene: Ge: Ce 
N/20 N/20 N/20 N/20 

sodium | sodium | sodium | sodium 
ethylate | ethylate | ethylate | ethylate 
per gram.| per gram.) per gram.) per gram. 

1.36 1.54 1.36 1.50 
1532 1922 1.26 1.30 
1.43 1.40 1.36 1.38 
1.29 1.26 1.38 Gy/ 
1.52 |- 1.46 1.59 1.59 

1.38 1.41 

eT, 1.81 1.75 1.83 
ACHE L273 1.74 1.79 
1.66 1.68 1.71 1.70 
1.69 1.62 Lost 1.80 
1b 45) 153 1.65 1.64 

1.68 1.73 

Errect upon Actpiry oF THE Fat DETERMINATION OF AMOUNT OF SAMPLE USED. 

The results are in favor of the larger amount, as shown by Table 34. 

TaBLE 34.— Acidity of fat obtained with varying amounts of sample. 

Using 2.5 

Sample Initial of analyst. 
A, 

Cc. N/20 
sodium 
ethylate 

PRN A NIE RS RININ NNN NIN NINN 

Re) oo 

153352°—20—Bull. 846-6 

+ grams. | Using 5.04 grams. 

B. Le B. 

Ce.. N/20 | Cc. N/20 | Cc. N/20 
sodium | sodium | sodium 
ethylate | ethylate | ethylate 

.| per gram. | per gram. | per gram. 
LvAt 2.15 2. 22 

1,91 2.08 2.09 
1.91 2.08 1.91 
2.48 2233 2. 
2.07 2.17 2501 
1.88 1.69 1.67 
2.21 1.80 1.89 
2. 06 2.19 1.78 
2. 03 1.95 1.97 
2. 54 2N27. 1. 88 
1,55 1.50 52, 
1.63 2.09 1.65 
1.92 1.69 1.74 
2. 43 2521 1.93 
1, 74 1.51 1.52 
1,52 2.05 1,70 
1. 74 1. 67 1, 63 
2.78 3. 34 2.47 
2.35 il 1.90 
1.79 1.94 1.81 

21 1.98 
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ErrEct UPON THE AcrpITy oF THE Fat DETERMINATION OF USING THE KNORR OR 

JOHNSON APPARATUS. 

Table 35 shows the effect upon the acidity of the fat determination 
of using the Knorr apparatus and Johnson apparatus. 

TaBLE 35.—Acidity of fat obtained by using the Knorr apparatus or Johnson apparatus. 

Knorr. Johnson. 

earapic Initial of analyst. Using | Uaing > tang |Uaee 
2.54 5.04 2.54 5.04 
grams. grams. grams. | grams. 

Ce. N/20| Cc. N/20| Cc. N/20| Cc. N20 
sodium | sodium sodium | sodium 
ethylate | ethylate | ethylate | etl ylate 

per gram. | per gram. | per gram. | per gram. 
fic Sik ee REE OE LEER er ear 09 2.15 2.21 2.92 

ee crs pais a oe a ee aa ae ees SL oie eee a 2.95 2.18 Pa} 2.09 
AQ ie oe oe Sine ene e coos ee bcc cpaie meee ect ae cemneee 2.39 2. 08 1,91 1.91 

RE oes Bit asain Soe ie Saas ainsi = em ave ateyolae cierto 2. 61 2.33 2. 48 2.19 
eye seek ea Sn ene oe meee me reans amie ale 2. 22 2.17 2.07 yea 
DS eee eae et ea a 2. 09 1. 69 1.88 1. 67 

18 ID eae nak meh rs ce cRietinne 5 mire Arn St ctylc niet eee Sta arate enna 2.59 1.80 PAA 1.89 
ea Me Re os see ese sd cone Seb ciccsels te cle eelt cclmsiele 2.30 2.19 2. 06 1.78 
Re Ae ae at hes RRS Co aM ART inte 7 2.21 1.95 2. 03 1.97 
1 RA Ee BS a ara Se earner Ne eS 2. 70 2.27 2. 54 1.88 

1 Hi c=. Sas See se ak aicoteoBa cst. aage aden seseines se 1.85 1.50 1,55 Toe 
|e EE Se eae Ps ae ee Rn Pee ee Pee ee te 1.93 2.09 1. 63 1. 65 
Gites o koe ecclesia dt seetc pels cea isandes jose taoss a ameees 1.95 1.69 1.92 1.74 
6b leper toe are eae I TS 5 eee Sey ee 2.91 2. 21 2.43 1. 93 

3 fz pasajaeioes Sow ate ob aces osu toe tree an asics malaise 1,72 1.51 1.74 152 
0 oe ee Soe ee ee eee er 2.13 2.05 1.52 1.70 
Seo Be oie seesaw ast tanto a aah aac seesia ais tk 1. 67 1.74 163 
AD eR on Achaiah oo ede ee cep eee bate 4.48 3. 34 2. 78 2.47 

15 in oa aa ect PR eee es 2.71 2.71 2.35 1.90 
NS erent seas Sasa rina s shee nen ae eae thee eee 1.81 1,94 1.79 1.81 

AY OPAC Bn ion in toe Se sate ee See wn we ee aed 1. 96 

Uss or DuBOScQ AND SCHREINER COLORIMETERS IN THE NESSLERIZATION METHOD 

FOR AMMONIA NITROGEN. 

As many food laboratories are equipped with Schreiner color- 
imeters and not with Duboscq mstruments which have always been 
recommended for this work, a series of comparative tests was made 
with the two instruments, using the same solutions in both instru- 
ments. ‘The results are given in Table 36. 
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TABLE 36.—Ammonia nitrogen obtained by use of Duboseg and Schreiner colorimeters in 
the nesslerization method. 

68 

as 

q 

as) 

na 

Ammonia nitrogen. Ammonia nitrogen. 
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From Table 36 it is evident that the Schreiner instrument may 
not be substituted for the Duboscq colorimeter, since it gives results 
which are in the majority of cases decidedly lower than those 
obtained with the Duboscq instrument.. By comparing the nessler- 
ization results with the titration results, it will be seen that the 
results with the Duboscq colorimeter are too low and that the results 
with the Schreiner, which are still lower, are decidedly inaccurate. 

NESSLERIZATION METHOD FoR AMMONIA NITROGEN. 

Dissatisfaction with the nesslerization method for the determination 
of ammonia nitrogen was expressed by the chemists throughout the 
cooperative work, not only because of the lack of uniformity of results, 
but also because of mechanical difficulties in the method. Much 
trouble was experienced with foaming. At first this was overcome 
to a large extent by adding a few cubic centimeters of amyi alcohol, 
but this method has the disadvantage that the amyl alcohol, due to 
its volatility, often must be added more than once during the aera- 
tion, and also it has a tendency to give a slight blank reading. 
Later very heavy cylinder oil was used successfully to prevent foam- 
ing. Recently one of the analysts reported in connection with 
some determinations made on samples subsequent to the coopera- 
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tive work that the nesslerization method caused difficulty, although - 
the reagents used were the same as those which had given satisfactory 
results a few months before. He considers the method too uncertain 
on account of the foaming and sometimes also turbidity to meet with 
general approval. 

The consensus of opinion of those who participated in the work 
_here reported is that while the nesslerization method for ammonia 
nitrogen in frozen-ege products may, because of the shorter time 
which it consumes, be of value, it is not nearly as accurate as the 
titration method, which is preferable where absolutely dependable 
results are required, as, for example, in analyses where court action 
may beinvolved. If the nesslerization method is used for this purpose 
it should be run in triplicate and the average result employed. 

STRENGTH oF ALUMINA CREAM TO BE UsepD IN THE ReEDucING SuGAR DETERMTI- 

NATION. 

During the course of the work the question arose as to whether, 
if alumina cream was kept in a large container and was not always 
shaken to a homogeneous mixture before a portion was removed 
for use, the results would be affected by the use of cream of varying 
concentrations. To decide this, alumina cream of regular strength 
was prepared, and it was used as such and also after dilution with 
varying amounts of water. The results are shown in Table 37. 

TaBLE 37.—Reducing sugar obtained with alumina cream of varying strengths. 
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These tabulated results prove conclusively that the concentration 
of the alumina cream has no influence. 

CHoick BETWEEN SULPHURIC AND HyprocHioric Acips IN THE DETECTION OF 

INDOL AND SKATOL. 

Experiments proved that sulphuric acid is preferable, because it 
gives more distinct colorations. 
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METHODS ADOPTED. 

FRozEN Eaes. 

TAKING OF SAMPLES. 

When possible, frozen egg samples consist of original unopened 
- packages, comprising representative containers of the product in any 

individual shipment, Take enough containers to represent fairly 
a whole shipment, and send all samples to the laboratories in the quick- 
est possible way. When transported by common carriers, pack the 
samples so as to prevent thawing, and take every precaution to 
prevent delay in transit. Deliver the samples to the bacteriologist 
immediately upon arrival at the laboratory, and examine no sample 
which does not arrive in a frozen condition. If the material is 
slightly melted around the circumference, the subsamples for bac- 
teriological and chemical examination must be withdrawn from the 

_ portion which is still frozen. 

When samples are opened, the bacteriologist, chemist, and micros- 

copist all are present, and, in case of official samples, they initial 
and date seals and cans for identification in the regular manner. To 
preclude all possibility of a claim of contamination during sampling, 
the bacteriologist withdraws subsamples first when a container is 
opened. The chemist then withdraws subsamples, and the remainder 
is turned over to the microscopist. Each analyst gives a receipt to 
the one from whom the container is received in the case of official 
samples. 

SUBSAMPLES FOR BACTERIOLOGICAL EXAMINATION. 

Take subsamples for bacteriological examination by means of 
sterilized utensils, and place them in sterile containers, which are 
then immediately placed on ice. Take two subsamples of at least 
100 grams each from every can of egg material, one for immediate 
examination, and one to be placed as quickly as possible in cold 
storage at approximately 0° F., for a later check examination, if 
necessary. 

For withdrawing subsamples it will be found convenient to use a . 
sterile butter sampler long enough to insure the removal of a core 
of frozen material from the top to the bottom of the container, after 
the surface layer of the frozen material has been removed with a 
sterilized instrument (chisel). Jf the sample is frozen very solid 
it may be found necessary to use a brace and long-shanked bit or 
shipbuilder’s auger, and to collect the shavings for the sample. 
Cores should be taken midway between the center and circumfer- 
ence, from at least three widely separated parts of the container, 
to form a composite sample. 

Thoroughly sterilize the butter sampler or bit before use by flam- 
ing over a Bunsen burner or alcohol lamp, after immersion in alcohol. 
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If it is necessary to use a spoon to collect the chips made by a bit, 
it should be sterilized in ike manner. Wipe all utensils thoroughly 
clean with a cloth before each sterilization. Thoroughly cleansed 
Mason jars, which have been sterilized in the autoclave with the 
rubber rings and covers in place, make convenient containers for 
subsamples. 

The bacteriologist records the general condition of all samples at 
the time of sampling, specifying the temperature, appearance, color 

and odor. 
SUBSAMPLES FOR CHEMICAL EXAMINATION. 

The two chemical subsamples are taken in the same way as the 
bacteriological subsamples, except that sterile instruments and con- 
tainers need not be used, and at least 1 pound of material is col- 
lected for each subsample.- One of these should be placed in cold 
storage immediately at approximately 0° F. 

SUBSAMPLES FOR PHYSICAL AND MICROSCOPICAL EXAMINATION. 

These consist of the entire contents of each container, after the 
bacteriological and chemical subsamples have been removed. 

Lieuip Eee. 

Thoroughly mix liquid egg samples with a sterilized utensil, such 
as a long- handled dipper which has been immersed, including the 
handle, in alcohol and flamed, after which subsamples are withdrawn 
for examination. Place the subsamples for bacteriological examina- 
tion in sterilized containers. Keep a record of the general condi- 
tion at the time of sampling, specifying the temperature, appearance, 
color, and odor. 

SHELL Eaes. ! 

WHOLE EGG. 

Clean each egg? with brush, soap, and water, and immerse for 10 
minutes in a 1:500 mercuric anton solution. Transfer with sterile 
crucible tongs to a small conical graduate or other convenient holder, 
acute pole uppermost. Remove the mercuric chlorid and dry the 
egg by pouring over it first aleohol and then ether. Scorch the 
acute pole to kill spores that may remain. Immediately remove 
the egg from the graduate, holding it near the blunt pole, turning 
the acute pole down. The hands of the operator should have been 
thoroughly greased with vaseline to avoid contamination by bac- 
teria that might rub off during the handling of the eggs. Hold the 

1 These methods are included because they were used in the preparation Bud examination of samples 

in the laboratories. 

2 Adaptation of method of Bushnell and Maurer, Kansas Agr. Coil. Bul. 201. 
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egg over the sterile container * which is to receive its contents, and 
with sharp, stout forceps, which have been sterilized in the flame, 
make a hole of sufficient size to allow the contents of the egg to drop 
into the container. Contamination from above is prevented by 
holding the egg with the acute pole down and making the stab from 
below. 

In this manner introduce the contents of the desired number of 
eggs into the container. Then thoroughly mix these eggs with a 
sterilized electric stirrer, like those used at soda fountains to mix eggs. 

SEPARATED YOLK AND WHITE. 

Clean each egg with brush, soap, and water, and immerse for 10 

minutes in 1:500 mercuric chlorid solution. Transfer with sterile 
crucible tongs to a small conical graduate or other convenient holder, 
acute pole uppermost. Remove the mercuric chlorid, and dry the 
ege by pouring over it first alcohol and then ether.. Scorch the 
acute pole to kill spores that might remain. Immediately remove 
the egg from the graduate, holding it near the blunt pole and turning 
the acute pole down. The hands of the operator should have been 
thoroughly greased with vaseline to avoid contamination by bacteria 
that might rub oif during the handling of the eggs. With sharp, 
stout forceps which have been sterilized in the flame, make a hole 
about § centimeter in diameter in the acute pole. Contamination 
from above is prevented by holding the egg with the acute pole 
down and making the stab from below. Flame briskly the shell 
around the hole and put the egg, with the acute pole down, upon the 
flamed neck of a sterilized Erlenmeyer flask. Now heat the blunt 

_ end of the egg with a Bunsen flame, keeping a close watch on the hole. 
The heating expands the air in the air space, which expels the white 
of the egg. As soon as the yolk appears in the hole, interrupt the 
heating and tilt the egg from one side to the other to allow all of the 
albumen to run out. Then hold the egg over another sterilized 
-container, and with a sterile platinum needle puncture the vitelline 
membrane. 

In this way collect the whites of the desired number of eggs in 
one container and the yolks in another. Finally thoroughly mix 
the whites with a sterile electric stirrer. The yolks are treated in 

' like manner. 
BAcTERIOLOGICAL EXAMINATION. 

Start the bacteriological examination immediately after the taking 
of subsamples, all determinations being made on the gram basis. 
After melting a subsample by partially immersing the container in 

1 A thoroughly cleaned Mason jar which has been sterilized in the autoclave with rubber ring and 

cover in place makes a good container. 
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water at 40° C., thoroughly mtx the material with a sterilized electric 
stirrer of the type commonly used at soda fountams for mixing eggs. 
One with a detachable plunger, which can be removed, dipped in 
alcohol and flamed, is best. Examine this mixed composite sample 
by the following methods: 

ENUMERATION ‘OF VIABLE BACTERIA. 

Into a tared, sterile, glass-stoppered Erlenmeyer flask of 60 to 
100 cc. capacity, weigh approximately 5 grams of the mixed composite ~ 
sample to the nearest hundredth of a gram, and dilute with 9 cc. of 
sterile physiological salt solution (0.85 per cent sodium chlorid) for 
each gram of ege. Add about 2 grams of sterile glass beads or broken 
glass. Shake thoroughly until the mixture is homogeneous. Fur- 
ther dilutions are made in the regular way by transferrmeg 1.0 cc. of 
the mixture to 9 ec. or 99 cc. dilution bottles of sterile physiological 
salt solution in the customary manner. From the appropriate dilu- 
tions prepare a series of plates with standard nutrient agar for 
counting after incubation at not less than 19° C. or more than 21°C. 
for 5 days. Perform atl of these operations in duplicate. 

Neo count of bacteria is official unless based upon duplicate plates 
which agree closely and have between 30 and 300 colonies upon them 
when counted with a lens magnifying 34 diameters, or what opticians 
call a three and one-half X lens. In case it is doubtful whether 
certain objects are colonies or dirt specks, examime them with a 
compound microscope. 

ENUMERATION OF B. COLI. 

Inoculate lactose broth fermentation tubes, in duplicate, with ap- | 
propriate dilutions of the sample, and make a quantitative determi- 
nation of the presence of members of the B. coli group. 

ENUMERATION OF TOTAL BACTERIA. 

In a tared clean flask of about 50 cc. capacity, weigh approxi- 
mately 5 grams of the well-mixed sample to the nearest hundredth 
of a gram, and dilute with twice the amount of physiological salt 
solution. Add sterile glass beads or broken glass, and mix thor- 
oughly till homogeneous. ‘Transfer a 0.01 cc. portion of this mixture 
to a microscopic slide by means of a capillary pipette of such bore - 
that 0.01 cc. occupies from 1.2 to 2 centimeters, and the tip of which 
pipette has been ground to a truncated cone. Lay the slide on a 
piece of black paper upon which a square, 2 centimeters to a side, 
has been ruled with white nk. By means of a heavy platinum 
needle, bent mto the shape of a hockey stick, spread the liquid 
evenly over the square within the white lines. .A drop of distilled 

1 Standard Methods of Water Analysis of the American Public Health Association. 
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water may be added, if necessary, to obtain an even distribution. 
Dry in the air on a level surface. Make three such slides from each 
subsample.: 

Immerse the slides carrying the dried egg films in xylol or benzol 
for 1 minute. Again dry, and place in | per cent carbolic methylene 
blue for from 10 to 20 minutes. The object is to stain the bacteria 
deeply, and to stain fat, débris, and background as lightly as possible. 
To do this, wash off the excess of stain in water, and immerse in 50 to 
60 per cent alcohol until only a faint blue is visible. This decolorizing 
is quickly done. Failure to decolorize is followed by serious errors 
im results, 

Dry, and examine with the microscope, counting 20 fields along the 
diagonals of each slide. 
A desirable optical combination to employ is that which is used in 

the direct microscopic examination of milk. 'The microscope should 
have an oil immersion objective and an ocular giving the field desired, 
and should be fitted with a mechanical stage. To standardize the 
microscope, place upon the stage a stage micrometer, and on the dia- 
phragm of the ocular place an eyepiece micrometer, with a circular 
ruling, 8 mm. in diameter, and divided into quadrants. Adjust the 
draw tube until the inner circle of the eyepiece micrometer has a diam- 
eter of 0.146 mm. Record the necessary adjustment of the draw 
tube. By this adjustment, the inner circle wiil cover 1/7,200,000 ec. 
of the undiluted egg, giving a factor of 7,200,000. This means that 
the number of bacteria in a singie field should be multiplied by 
7,200,000, or, if 60 fields are counted, the total number should be 
multiplied by 120,000, to obtain the number of bacteria in 1 cc. of the 
original egg material. If any variation from this procedure is used, 
the factor must be calculated. 

CHEMICAL EXAMINATION.! 

Start the chemical examination immediately after the taking of 
subsamples, and make all determinations in duplicate. Thaw the 
subsamples by partially immersing the containers in warm water, the 
temperature of which should not be above 50° C. Then thoroughly 
mix them, preferably with an electric stirrer. In the absence of such 
an instrument in the laboratory, the mixing may be quite satisfactorily 
accomplished by sucking the melted subsample several times through 
a Gooch crucible containing no asbestos, using very moderate suction. 
Examine this mixed composite sample by the following methods: 

TOTAL SOLIDS. 

Weigh approximately 5 grams of the sample into a tared lead dish 
of 2} to 3 inches diameter, and dry in a vacuum of not less than 25 
inches at 55° C., until there is no further loss in weight. This drying 

1 The analytical methods described were very largely devised or adapted to egg analysis by N. Hendrick 
son, formerly of the Food Research Laboratory. 
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usually requires about 4 hours. It is recommended that weighings 
be made at the end of 34 hours of drying, and thereafter at intervals 
of about 30 minutes. Weigh to three decimal places. There is an 
appreciable gain in weight after the minimum has been reached. EHx- 
press the results as per cent on the wet basis. 

ETHER, EXTRACT. 

Extract the dry residue from the determination of solids with abso- 
lute ether, preferably in a Knorr apparatus, but if this is not available, 
in a Johnson extractor. Cut through the sides of the lead dish ‘con- 
taining the solids at four equidistant points. Place the dish upon a 
fat-free filter paper. Flatten down the sides of the dish. Place 
another fat-free filter paper on top of the flattened dish, and roll the 
papers and dish into a cylinder which will fit the extraction tube fairly 
snugly. In making the cylinder, turn in the ends in such a way as to 
prevent solid particles from dropping into the extraction flask. 
Place the cylinder in the extraction tube without any asbestos plug 
below it. If the extractor is working rapidly, three hours is sufficient 
to insure a proper extraction. 

Distill off the ether from the extraction flask, and dry the extract for 
one hour at 55° C., na vacuum.of not less than 25 inches. Weigh 
to three decimal places. Express the results as per cent on the wet 
basis. 

The ether used should not contain any alcohol or water, as a higher 
result is obtained when either is present. It is, therefore, understood 
that ether freshly distilled from sodium will be used. 

ACIDITY OF THE FAT. 

Dissolve the fat obtained in the determination of ether extract in 
50 cc. of neutral benzol to which has been added 2 drops of phe- 
nolphthalein indicator. Titrate with N/20 sodium ethylate. Ex- 
press the results as the number of cubic centimeters of N/20 sodium 
ethylate required to neutralize 1 gram of fat. 

AMMONIA NITROGEN. 

The titration method is an adaptation of Folin’s method for the de- 
termination of ammonia in urine.’ It consists essentially in making 
the sample alkaline, removing the liberated ammonia by aeration, 
and catching it in a measured quantity of standardized acid. The 
excess acid is then titrated. 

The apparatus consists of the following: (1) A wash bottle con- 
taining dilute sulphuric acid (about 35 per cent) to remove any am- 
monia that may be present in the air entering the system. (2) Some 

form of trap to prevent sulphuric acid being carried over mechanically. 
(3) An aerating cylinder about 50 mm. in diameter and 350 mm. 

1 Zeit. physiol. Chem. (1902), 37: 161. 

. 
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high, fitted with a 2-hole rubber stopper carrying a right-angle air- 
inlet tube, open at the bottom and extending to within 4 inch of 
the bottom of the cylinder, and a trap contaiming either a cotton 
or glass wool plug to prevent any liquid from being carried over me- 
chanically. (4) A wide-mouthed 8-ounce bottle fitted with a de- 
livery tube coming from the trap on the aerating cylinder. It is 
not essential that the special ammonia absorption tubes be used. 
An ordinary glass tube with a small bulb blown on the end through 
which a few holes are punctured answers very well. The method of 
making these is given by Folin and Farmer. (5) A means of passing 
air through the system. This is best done by a pump which will 
furnish a blast with a pressure of 10 pounds per square inch and which 
discharges into a tank of sufficient size to compensate for the pulsa- 
tions of the pump and to deliver a steady blast. Suction may be 
used, butitisnot recommended. Each of the first four parts enumer- 
ated is fitted with a 2-hole rubber stopper, and all are connected by 
glass tubes of suitable shape and length to permit the proper passage 
of air through the apparatus. The tube leading into the acid wash 
bottle should contain a stop cock for regulating the air supply. 

Weigh approximately 25 grams of sample in a convenient con- 
tainer. Pour as much as possible of this material into the aeration 
cylinder, and transfer the remainder by means of four 25 cc. portions 
of ammonia-free water, stirring each time with a rubber-tipped glass 
rod to remove any egg adhering to the sides of the weighing vessel. 
Add 75 cc. of alcohol, mix well, let stand for 15 minutes. Add 
approximately 1 gram of sodium fiuorid, 2 cc. of 50 per cent 
potassium carbonate solution, and 1 cc. of kerosene. Connect the 
apparatus, and aerate into the receiving bottle, which should contain 
10 ce. of N/S50 sulphuric acid, 2 drops of methyl red indicator Gatu- 
rated solution in 95 per cent alcohol), and about 75 cc. of ammonia- 

free water. The aeration should be carried on for 4 hours, or as 
long as necessary to remove all of the ammonia, using as rapid a 
current of air as possible. ‘Titrate the excess of acid with N/50 
sodium hydroxid (free from carbon dioxid). Express the results 

obtained as milligrams of ammonia, nitrogen per 100 grams of sample 
on the wet basis. If there is insufficient time to complete the determi- 
nation, the sample may be left over night in the cylinder with the 
alcohol and sodium fluorid added. The potassium carbonate, of 
course, should not be added until ready to proceed. If the sample 
has a bad odor it may be necessary to use more than 10 ec. of N/50 
sulphuric acid. 

It is essential that a blank experiment be run to determine the 
percentage recovery of ammonia, using a known amount of pure 

1J. Biol. Chem. (1912), 11: 496. 
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ammonium sulphate ' (containing about 3 mg. of nitrogen) and 25 cc. 
of water, instead of the egg. The recovery should be over 95 per 
cent. It is also essential to run blank experiments with the reagents 
and water used. ; 

The nesslerization method is an adaptation of the micro-method 
of Folin and Macallum for the determination of ammonia in urine.? 
The essential features of the method consist of rendering a small 
sample alkaline, removing the liberated ammonia by aeration, and 
catching it in dilute sulphuric acid. This is then nesslerized, and 
the ammonia determined quantitatively by comparing the intensity 
of the color with a known standard in a Duboscq colorimeter. 

The apparatus employed is as follows: (1) An ordinary acid bottle, 
fitted with a 2-hole rubber stopper, and containing from 200 to 300 
cc. of 35 per cent sulphuric acid, to serve as a wash bottle for remoy- 
ing any ammonia that may be present in the air which passes through 
the system. (2) A 10 by 1} inch test tube of strong glass connected 

to the wash botile, to serve as a trap to remove any spray of dilute 
acid. (3) A small Kjeldahl flask of about 125 cc. capacity for holding 
the sample. (4) A 10 by 14 inch test tube, to serve as a trap to 
catch any foam which may be formed in the sample and carried over 
mechanically. (5) A 100 cc. volumetric sugar flask containing 2 ce. 
of approximately N/20 sulphuric acid and about 20 cc. of ammonia- 
free water. (6) A means of passing air through the system, like 
that described for the titration method (p. 91). Blast at 10 pounds 
pressure is preferred; suction may be used. Each of the first five 
parts enumerated is fitted with a 2-hole rubber stopper, and all are 
connected by glass tubes of suitable shape and length to permit the © 
proper passage of air through the apparatus. The tube leading into 
the acid wash bottle should contain a stop cock for regulating the 
air supply. It is essential that the tube leading into the 100 ce. 
raduated flask receiving the volatile ammonia be bulb-shaped on 

the end and perforated with small holes to insure thorough dispersion. 
Weigh approximately 3 grams of sample on a watch glass and add 

a few drops of water at a time, mixing into a homogeneous mass with 
a rubber-tipped glass rod, until about 3 cc. of water have been added. 
Then wash into the Kjeldahl flask with about 10 ce. of ammonia- 
free water. Add 6 cc. of a solution containing 10 per cent of 
sodium carbonate and 15 per cent of potassium oxalate. Add 
enough very heavy cylinder oil to make a layer over the liquid. 
Pass through this mixture a current of air of sufficient strength to 
cause a slight spray in the receiving flask, which contains about 20 ee. 
of ammonia-free water made acid with 2 cc. of approximately N/20 
sulphuric acid. Aerate for 1 hour and dilute the liquid in the flask 

1 For method of preparing pure ammonium sulphate, see Folin and Farmer, J.Biol. Chem. (1912), 11: 496. 
J. Biol. Chem. (1912), 11: 523. 
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nearly to the 100 cc. mark with ammonia-free water. Add 2 cc. of 
Nessler solution, fill the flask to the mark with ammonia-free water. 

Close the flask with a thoroughly washed rubber stopper, and shake 
well. Compare the color in a Duboscq colorimeter * with that of a 
known standard made up at the same time, and containing 2 ce. of 
approximately N/20 sulphuric acid. Express the results as milli- 
grams of ammonia nitrogen per 100 grams of sample on the wet basis. 

It is essential that a blank experiment be run, using a known 
amount of pure ammonium sulphate (containing about 0.3 mg. of 
nitrogen) and 25 cc. of ammonia-free water, instead of the egg mate- 
rial. Such an experiment should show over 95 per cent recovery. It 
is also essential to run blank experiments with the reagents and water 
used. 

This method while more rapid is not as accurate as the titration 
method. If it is employed for samples where legal action may be 
involved, it should be run in triplicate, and the average of the three 
determinations used. 

Phosphotungstic acid method.—Weigh 5 grams of well-mixed sample 
in a tared 100 cc. glass-stoppered Erlenmeyer flask. Add 45 cc. of 
phosphotungstic acid solution made up as follows: Water, 420 cc.; 
1 per cent sulphuric acid, 10 cc.; 20 per cent phosphotungstic acid, 
20 cc. Shake well. Let stand 5 minutes, and filter through a folded 
ammonia-free filter paper. Transfer to an aeration cylinder 10 cc. 
of filtrate, which corresponds to 1 gram of sample; add 2 drops of 
white petroleum oil, and 1 cc. of 10 per cent solution of sodium 
carbonate. Aerate strongly for 4 hour into 8 cc. of 1 per cent sul- 
phuric acid. The same chain of apparatus as that described for the 
nesslerization method (p. 92) should be used. Nesslerize with 0.25 

ec. of a Nessler solution made with mercuric iodid, dilute to 10 cc. with 
ammonia-free water, and compare with a standard prepared with 0.03 
me. of nitrogen in the form of ammonium sulphate in 10 cc. volume. 

If a heavy red precipitate forms on adding Nessler solution, add 
just enough 5 per cent acetic acid to dissolve it, dilute to about 45 cc., 
again add Nessler solution, and make up to 50 cc. Make the neces- 
sary change in the calculation for the greater dilution. Express the 
results as milligrams of ammonia nitrogen per 100 grams of sample 
on the wet basis. 

This method is good for rapid and approximately accurate work, 
but should not be used for samples where legal action may be involved. 

REDUCING SUGAR. 

Wash 25 grams of sample into a 200 cc. graduated flask with 75 cc. 
of water. Make slightly acid by adding 2 cc. of 5 per cent acetic acid 
for white or whole egg and 1 ce. for yolk. Mix, and immerse the flask 
in boiling water until the egg material is thoroughly coagulated. This 

1The Schreiner instrument gives results which are too low. 
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requires about 15 minutes. Cool to room temperature, and make up to 
the mark with washed alumina cream. The sample is then shaken 
vigorously for 1 minute, is allowed to stand about 5 minutes, and then 
shaken for 1 minute. Filter through a dry folded filter, and deter- 
mine the reducing sugar in 50 cc. of the filtrate by the Munson and 
Walker method. Calculate as dextrose, and express the results as 
per cent on the wet basis. 

The washed alumina cream is prepared by washing ordinary alum- 
ina cream five times by decantation, using enough water so that at 
least half of the total volume may be syphoned off each time. 

On account of the volume occupied by the precipitate the results 
are a trifle high. This error amounts to about 1.4 per cent for white, 
3.3 per cent for whole egg, and 7 percent for yolk. It is not custom- 
ary to correct for this. 

INDOL AND SKATOL, 

Dilute a 200 cc. portion of sample with 500 cc. of water, acidified 
with 40 cc. of 5 per cent acetic acid for white or whole egg, and with 
20 ce. for yolk, coagulate in boiling water or live steam, and filter. 
Steam distill the filtrate as rapidly as possible. Extract the distillate 
(approximately 300 cc.) with ether in a separatory funnel. To the 
ether extract add about 3 cc. of water, and evaporate before an elec- 
tric fan until the smell of ether has almost but not entirely disap- 
peared. A trace of ether does not affect the result. Add 10 cc. of 
waier, filter, and apply the vanillin test to the filtrate. 

Vanillin test.—To 5 cc. of the solution to be tested add 5 drops of a 5 
per cent solution of vanillin in 95 per cent alcohol and concentrated 
sulphuric acid. The acid should be added in the proportion of 2 ec. 
for each 5 ce. of solution being tested. If indol is present, an orange 
color, soluble in chloroform, amyl acetate, or amyl valerianate, will 
be formed. If skatol is present, a deep red to violet color, readily 
soluble in chloroform, amyl acetate, or amyl valerianate, will be 
formed.’ 

As confirmatory tests, if needed, the following are suggested: 
P-Dimethylaminobenzaldehyde test—To the solution to be tested 

add 1 cc. of a solution consisting of 4 parts of para-dimethylamino- 
benzaldehyde, 380 parts of absolute alcohol, and 80 parts of concen- 
trated hydrochloric acid, in such a way as to form two liquid layers. ? 

Tf indol is present a purplish red color will be formed. 
Dimethylaniline test.—To 5 cc. of the test solution add 5 drops cf 

dimethylaniline and 4 cc. of concentrated sulphuric acid. If skatol 
is present, a deep red violet coloration is formed.? 

PRESERVATIVES. 

Formaldehyde.—The test may be made exactly as in milk. 
Boric acid.—Make the test as in milk.’ 

1J. Biol. Chem. (1916), 24: 528. 4 Leach, Food Inspection and Analysis, 3d ed., page 268. 

2 Zeit. physiol. chem. (1906), 42: 25. 5 Leach, Food Inspection and Analysis, 3d ed., page 182. 

3 J. Biol. Chem. (1916), 24: 527. 
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Salicylic acid.—Use the method for the detection cf salicylic acid 
in preserved eggs.' 

MISCELLANEOUS CHEMICAL TESTS. 

The chemical tests described are those which up to the present 
time have been found most useful in detecting the presence of decom- 
posed ege material. With advances in knowledge it is probable 
that these will be supplemented and possibly displaced by new and 
even better methods. The followmg methods, upon which some 
work has already been done, seem to offer possibilities: 

Inorganic phosphorie acid.—R. M. Chapin and W. C. Powick have 
discussed ‘‘An Improved Method for the Estimation of Inorganic 
Phosphoric Acid in Certain Tissues and Food Products,’ in the 
gournal of Biological Chemistry (1915), volume 20, number 2, page 97. 

Separation and quantitatwe determination of the lower alkylamines 
an the presence of ammona.—A method for this separation and deter- 
mination has been published by F. C. Weber and J. B. Wilson in the 
Journal of Biological Chemistry (1918), velume 35, number 2, 
page 385. 

Catalase ——Tests for this determination are discussed by Rullman 
in Centralblatt fiir Bakteriologie, Parasitenkunde und Infections- 
krankheiten. II Albteilung (1915), volume 45, page 219, and by 
M. HK. Pennington and H.C. Robertson, jr., ia U. S. Department of 
Agriculture, Bureau of Chemistry Circular 104. 

Determination of degree of putrefaction—F. W. Foreman and G. S. 
Graham-Smith have reported their method in the Journal of Hygiene 
(1917), volume 16, page 109. 

- PuysicaL AND MicRoscoricaL EXAMINATION. 

Note the odor of frozen egg products while the product is frozen 
and again after thawing. For this purpose remove a small amount 
from the can and immediately thaw it. Allow the remainder of the 
contents of the can to thaw in running cold water, which takes about 
12 hours for a 30-pound can. Examine the sample for mold, em- 
bryos, eggshells, dirt, larve, and other foreign material by the follow- 
ing methods: 

PHYSICAL. 

Note the odor of the eggs. Good eggs have a characteristic egey 
odor, which must be distinguished from a sour, a musty, and a rotten 
odor of bad eggs. Then make a physical examination to detect 
the presence of mold, embryos, eggshells, dirt, larvee, and any foreign 

material, as follows: 
Dip out a small amount into a large, flat pan, the one most satis- 

factory being white enamel, 2 inches deep and measuring 12 by 17 
inches. Add enough water to theegg tomakea thin mixture, about one- 

1 Chem. Abs, (1914), 8: 3331. 
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half inch deep; separate any masses present by the fingers or forceps 
until the whole is a homogeneous mixture. By tilting the pan back 
and forth any thickened portions or black specks can be detected. 
These thickened portions of albumen and yolk, which may or may 
not be discolored, generally contain mold. Remove any suspicious 
pieces, and examine microscopically. If embryos are present they 
can be detected by a dark spot, which is the pigment in the eye. 
After carefully examining a panful in this manner, strain it through 
a sieve, usually one of the ordinary household type, 12 mches in 
diameter, with about 14 mm. mesh (or 16 or 20 meshes to the inch), 

Wash through the sieve all of the egg which will go through easily 
without rubbing. Search what remains on the sieve for mold, em- 
bryos, dirt, etc. The entire sample should be examined in this man- 
ner. Express results as number of each per 380 pounds of material. 

MICROSCOPICAL. 

Any pieces picked out of the egg as being suspicious must be ex- 
amined microscopically. If mold is present this examination will 
show the mycelium, which may be colorless or dark. Often spores 
are present. To detect the mycelium it is necessary to make a thin 
mount through which the light readily passes. The lighting must be 
carefully adjusted, however, as the mycelium is generally about the 
color of the egg. This requires only a small amount of each piece. 
The remainder, as well as the embryos and foreign material, should be 
preserved in 5 per cent formalin for court exhibit. It is unnecessary 
to make a microscopical examination for embryos, as those found are 
usually of from three to five days’ development. At this age they . 
are well formed and easily recognized macroscopically. 

The analyst must become familiar with the appearance of various 
kinds of inedible eggs. This can easily be accomplished by obtaining 
rejects from a candling establishment and breaking them out. The 
spot eggs found in frozen eggs are heavy spots where the yolk is 
thickened and of a whitish appearance, or moldy spots, or spot eggs 
containing embryos. White rots can not be determined by this 
examination, as they are too intimately mixed with the whole mass. 

SUMMARY. 

Analytical results for eggs of the same quality agree very closely, 

no matter whether the eggs are produced and examined in Washing- 
ton, Philadelphia, New York, Chicago, or San Francisco. When 
carefully followed, the analytical methods descripved in this bulletin 
will give concordant results in the hands of a number of analysts. A 
formula has been devised which will separate into edible and inedible 
groups samples of liquid or frozen white, whole egg, yolky mixture, 
and yolk prepared from either fresh eggs or storage eggs. A formula 
for sugared yolk is also proposed. 

eo 
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INTRODUCTION. 

In the spring of 1911 a field station of the Bureau of Entomology 
was established at French Creek, W. Va., and a study begun of the 
roundheaded apple-tree borer in connection with a general project 
on boring insects attacking deciduous fruit trees. The work was 
under the direction of Dr. A. L. Quaintance and was placed in 
charge of the writer, with whom was associated, in 1911 and 1912, 
EK. B. Blakeslee, of the Bureau of Entomology. During the sum- 
mers of 1915, 1916, and 1917 C. R. Cutright was employed tempo- 
rarily to assist with the investigation. 

The field station is located in a hilly, partly wooded region where 
small orchards, wild seedling apple trees, and native host trees of 
the borer abound and where the insect itself is plentiful. For rearing 
purposes and the testing of control measures, 1,000 3-year-old apple 
trees, of the varieties known as King, Grimes, and York Imperial, 
were planted in the adjacent locality of Elkins, W. Va., on land 
leased for the purpose. In addition to the work at the two points 
mentioned, rearing and life-history studies were conducted at Pick- 
ens, Weston, and Great Cacapon, W. Va., and at Demorest, Ga., 

1Saperda candida Fabr.; order Coleoptera, family Cerambycidae. 
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Biltmore, N. C., Winthrop, Me., and Munising, Mich. First-hand ob- 
servations on the species were made also in many other localities and 
more or less original data obtained therefrom. The studies were 
continued over the period 1911 to 1918. 

HISTORY. 

The roundheaded apple-tree borer was first described by J. C. 
Fabricius in 1787 (1)1 as Saperda candida. In 1824 it was rede- 
scribed by Thomas Say (2) as Saperda bivittata, and by this name 
it was commonly referred to by Harris, Fitch, Walsh, and other early 
American writers on economic entomology. From 1875 to 1885 
Riley, Lintner, and others recognized the priority of Fabricius’s 

name, and since that time the species has been rightfully designated 
Saperda candida. 

The insect is native to North America and originally fed upon 
and bred within a limited number of forest trees and shrubs belong- 

ing to the family 
Rosaceae. When 
cultivated orchards 
of apple, pear, and 
quince began to be 
established in the 
eastern part of the 
United States the 
borer soon found its 
way from the forests 
into the orchards 
and did much dam- 

Fic. 1.—Distribution of a roundheaded apple-tree borer age to valuable fruit 

(Saperda candida). 
trees. There are 

many records of serious injury in New York and throughout the New 
England States, beginning as early as 1825. Apple trees seem to have 
suffered most; in some cases entire orchards were destroyed, and the 
loss of 50 per cent of the trees was not unusual. Felt and Joutel (6) 
cite numerous historical references showing the widespread and de- 
structive nature of the insect in the days of pioneer orcharding in 
this country. In more recent times, as the orcharding interests of 
the country have developed, losses from this insect have increased 
rather than diminished, At the present time it is an orchard pest of 
primary importance throughout a great portion of the apple-growing 
region east of the Rockv Mountains. 

DISTRIBUTION. 

The known range of the roundheaded apple-tree borer may be 
bounded by a line extending from near the mouth of the St. Law- 

1 Numbers in parenthesis refer to “‘ Literature cited,” p. 41. 
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rence River westward through Quebec and Ontario to Minnesota, 

thence in a southwesterly direction through Nebraska, Kansas, and 

New Mexico to Texas, and thence eastward through Texas, Louisiana, 
Mississippi, Alabama, and Georgia to the Atlantic coast. (See 
fig. 1.) There seem to.be no data showing that the general range of 
the species has been greatly extended by the development of the 
orchard industry of the country. 

Within the bounds of its range there are many limited districts 
where the borer does not occur, or, at least, where it is very uncom- 
mon. Just why this is true can not be fully explained, but the ab- 
sence of native host trees and the abundance of those species of wood- 
pecker which prey upon the borers are two factors which often have 
much to do with the local scarcity of the pest. Areas of comparative 
freedom and corresponding areas that are heavily infested often 
exist near together for years at a time with litle relative change. 
This occurs in native woods as well as in orchards. The peculiarity 
may be partly explained by the tendency of the species to colonize or 
form family breeding centers, far from which the adult females do 
not habitually wander. 

FOOD PLANTS. 

Probably no other tree is so subject to attack by this borer as the 
quince. Wherever the borer is common it is difficult to succeed with 
this fruit. Quince trees are usually small and one or two borers 
can injure greatly or kill a tree in a single year. The habit which 
the quince has of sending up suckers or sprouts around the central 

stem tends to give the borers a good chance to work. In the bases 
of such clumps borers are hard to reach in the worming process and 
there they may find positions where woodpeckers can not get at them. 
Apple is undoubtedly the second choice, and probably mountain ash 
(Sorbus americana) is next in favor. Of the cultivated fruits, 
quince, apple, and pear are preferred in the order named. Mountain 
ash, service (Amelanchier canadensis), wild crab (Pyrus spp.), haw- 
thorn (Crataegus spp.), and chokeberry (Aronia spp.) are native 
hosts which are attacked about in the order stated. There are 
records in the Bureau of Entomology of the development of this 
borer in peach, but it is certain that this tree is very rarely attacked. 

In one instance in West Virginia all the host trees of this borer 
which grew on a certain tract of woodland and grown-up field were 
cut and examined to determine the relative extent of infestation of 
each species of tree. The trees examined numbered 1,483 and the 

results of the count are given in Table I. It is probable that in any 
adjacent locality a considerable variation from these figures might 
have been found, yet the results of the count showed what is ap- 
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parently a constant preference for apple over the other species of 
host trees present in this instance. 

TABLE I.—Relative numbers of roundheaded apple-iree borers found in different 

species of host trees at French Creek, WwW. Va. 

Trees examined. 
Number 

of 

Number. Variety. borers. 

194". Seedlingapple. tac. cat se set eet eens la ee eee fe ake ae ee eee eae 
POar ees o. cinae so ees beac cose eee ee wee SESE sats eyatcta tinged hie ele aire a ae aE ee 

OHOOR 

405 | Hawthorn (Crataegus) 
50 | Service 

It will be noted from Table I that in this case the 50 service trees 
(Pl. 1) examined contained no borers. This is far from the rule as 
regards the service, for in woods where that tree and mountain ash 
abound tracts are often found where practically every tree is in- 
fested. (PI.I,B.) Other areas near by of equal size are quite likely 
to occur where no borers can be found, although the host trees may 
be just as abundant as where infestation is general. This arises 
from the fact that under natural conditions families or communities 
become established and reproduce through many generations within 
restricted areas. It is probable that adult males fly readily from one 
breeding center to another, preventing thereby an excess of inter- 
breeding, but the females do not normally tend to go far from the 
tree in which they developed, provided other host trees are near. 
This tendency for infestation to be confined to limited groups of 
trees is often noted in cultivated orchards. Isolated trees are some- 
times attacked, however, and there is no question that the female is 
capable of flying to a considerable distance when impelled by a 
scarcity of trees in which to oviposit. 

DISTRIBUTION AS AFFECTED BY NATIVE HOST PLANTS. 

As has been pointed out, the principal native host trees of the 
roundheaded apple-tree borer are the service, mountain ash, wild 
crab apple, and hawthorn. Of these wild hosts service and mountain 
ash seem to be preferred to the others. It is an interesting fact that 
the service tree (Pl. I, A) occurs over practically the same region 
of North America as does the insect in question. 

These wild food plants undoubtedly play an important part in 
the local and general distribution of the borer. Infestations commonly 
attributed by orchardists to certain soil conditions, to newly cleared 
land, or to the hilly contour of the land are in reality usually due to 
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ROUNDHEADED APPLE-TREE BORER. 

A, Blooming service trees, Amelanchier canadensis. At this season of the year borers are undergoing 
transformation to beetles. B, Exit holes of beetles in clump of young service trees. 
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the proximity of the insect’s breeding places, the breeding places 
quite often consisting of these wild host trees that thrive on account 

. of favorable soil, elevation, or other local conditions. Orchards es- 
tablished on newly cleared lands and in hilly locations are more 
likely to have woods or neglected thickets of wild crab apple, seed- 
ling apple, or hawthorn growing near to them than are orchards in 
the more valuable and highly cultivated valley or level lands. The 
wild host trees that grow in the woods and thickets (Pl. I) are usu- 
ally breeding places for the borer, and the adult insects that develop 
within them fly to the orchards near by and deposit their eggs. In 
some localities of the Shenandoah apple region the idea is prevalent 
that borers discriminate between soils and prefer the shale lands of 
the hills rather than the clay and loam of the valleys. The greater 
abundance of borers in hill orchards, however, can be explained by 
the prevalance in such localities of the wild trees in which they 
breed (Pl. VII, C), the soil having only the indirect bearing on the 
situation that the shale lands favor the growth of service and 
other wild host trees. 
The native service tree (Pl. I) is perhaps the most effective dis- 

tributor of this insect. In about 25 localities within the States of 
Maine, Michigan, Pennsylvania, West Virginia, Virginia, North 
Carolina, Georgia, Alabama, Mississippi, and Florida, where careful 
investigations were made, the absence, scarcity, or abundance of 
service trees was accompanied by a corresponding absence, scarcity, 
or abundance of the roundheaded apple-tree borer. 

CHARACTER OF INJURY. 

About 95 per cent of the eggs (Pl. IV, B, C, E) of this borer are 
deposited within the bark at the base of the tree trunk. (PI. IIT.) 
Usually the eggs are within 6 inches of the ground, but occasionally 
they are placed in a crotch of the tree or even in a branch 10 or 15 
feet above ground. The larva (Pl. V, A, B; VIII, A), which hatches 
in early summer, feeds at first on the inner bark, eating out a roughly 
eircular space about the oviposition scar and ejecting stringy, saw- 
dustlike castings of a reddish color through small openings in the 
outer bark. (Pl. V,C.) As the larva develops it extends its gal- 
lery either up or down the tree or transversely with the grain of the 
bark and before the end of the first season may burrow into the wood. 
(PI. V, A, B.) More frequently, however, it spends the first winter 
in the inner bark and enters the wood the second summer. The bur- 
rows, both in the bark and wood, are broad and irregular in form, 
and, with the exception of a space about the borer (Pl. VI, D), are 
packed with digested wood particles (Pl. VII, A, C). The borer 
feeds from about the blooming time of apple in the spring until late 
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in the autumn and continues to throw out castings until it begins the 
construction of its pupal quarters. (Pl. VIT, A.) 

Trees of all ages are attacked, but the most severe injury is done to 
young trees, in which the wound made is greater in proportion to the 
size of the trunk. (Pl IV, D.) Frequently a number of borers will 
attack a single tree and girdle it completely or so riddle and weaken 

the heartwood that the tree will break over at the surface of the 
ground. It is not unusual to find a dozen borers in one tree, and on 
one occasion the writer found 25 within an 8-year-old apple tree. 
Felt and Joutel (6) cite an instance where 30 borers were removed 
from one tree. 

Trees severely injured by borers present a sickly appearance, the 
foliage being sparse and of a pale green color. (Pl. VI, A.) When of 
bearing age they are inclined to bloom freely and set heavy crops of 
fruit, the fruit developing poorly and the trees often dying in an 
effort to bring the crop to maturity. If any part of an orchard is 
bounded by woods the first and most severe injury usually occurs 
among trees near to such woods. 

METHODS USED IN SECURING BREEDING MATERIAL AND REAR- 
ING THE INSECTS. 

In the rearing work connected with this investigation many indi- 
vidual insects were carried through from eggs to adults in young 
apple trees planted for the purpose. Larger apple trees were used in 
which to plant newly hatched borers for rearing purposes. The 
trunks of some trees were made to support and bring to maturity as 

many as 25 borers. Each spring a large number of pupx were se- 
cured by scouring the roadsides, grown-up fields, and neglected 
orchards of various localities for small, worthless seedling-apple 
trees in which the insects were maturing. Such trees were cut near 
the ground and short sections of the base of the trunk containing the 
pupee sawn off and taken to the insectary, where they were kept in 
rearing cages. Many pupz were also chiseled out of-trees and placed 
in small glass vials excluded from the ight. About 75 per cent of 
the pup kept in the vials developed into normal adults. 

CAGES USED FOR REARING AND OBSERVING BORERS. 

In carrying on the work herein described three types of fine- 
meshed, wire-screen cages were used. The first were small cylinders 
fitted around the bases of trees in which borers were developing 
(Pl. IT). These cages were about 15 inches in length, the lower 
end when in place being sunk in the earth for half an inch and the 
space at the top between the wire and tree packed with cotton batting. 
Such cages excluded woodpeckers, imprisoned emerging beetles, and 
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were useful in other ways in preventing the disturbance of the in- 
sects. A larger form of cage was made by stretching wire over a 
light wooden frame 2 by 2 by 4 feet in dimensions. Cages of this 
type were used to set over apple trees 3, 4, or 5 years of age that had 
been headed low and pruned in for the purpose. When in place 
these cages were mounded slightly with earth at the bottom to pre- 
vent the escape of the beetles and were secured from wind by being 
attached with screws to posts driven into the ground at the corners. 
In these cages many beetles were confined over growing trees, and, 
so far as could be observed, lived lives comparable in length with 
those in the field. Several other cages of larger size were built over 
clumps or short rows of young apple trees. Some of these cages were . 
20 feet in length by 8 feet wide and 8 feet high. They were pro- 
vided with tight-fitting doors large enough to admit a man and were 
used for observations on the various stages of the borer and for test- 
ing control measures. 

THE EGG AND OVIPOSITION. 

THE EGG. 

The egg (PI. IV, B, C, E) when first deposited is yellowish 
white, assuming a darker shade within a few days. It is 3.5 to 4 mm. 
in length by 1 to 1.5 mm. in width, slightly flattened, both ends 
tapering to rounded points, the shell tough and plastic, bending 
somewhat in conformity to the space which it occupies. There is 
considerable variation in size and shape. 

_ THE OVIPOSITION PROCESS. 

Ege laying usually begins a week or ten days after the female 
beetles leave the wood. In preparing to oviposit, the female as- 
sumes an oblique position on the bark (Pl. III, A) and with her jaws 
makes a slightly curved slit in the bark 4 or 5 mm. in length, and 
usually extending parallel with the grain of the bark. (PI. IV, A.) 
After the incision is completed, the beetle turns, inserts the tip of 
the ovipositor into the opening, and with considerable effort forces 
it into the tissue, usually between the bark and wood. (PI. IV, 
B, C.) The ovipositor is inserted at about the center of the slit 
made with the mandibles and is extended under the bark in a direc- 
tion at right angles to the slit. The egg is placed with the end toward 
the slit and from 1 to 2 mm. from it at the nearest point. After the 
ovipositor is withdrawn a small mass of clear, gelatinous liquid is 
ejected into the hole, which dries and seals the egg chamber. Two 
or three minutes are spent in making the initial slit and twice that 
time in inserting the ovipositor, laying the egg, and sealing the 
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opening. Several eggs are usually deposited at a time within one 
tree (P1. IV), quite often the second slit in the bark being made joining 
and in line with the first. When the bark over eggs is peeled off the 
eggs adhere to the bark rather than to the wood. (PI. IV, B,C.) 

After the batch of eggs is deposited the beetle may eee up the 
trunk to the branches or may move away on the eros for a little 
distance and then take wing. 

TIME OF DAY DURING WHICH EGGS ARE LAID. 

Most of the eggs are deposited during the hotter part of warm, 

sunny days. No evidence was obtained that oviposition ever takes 
place at night. In one case a female was found ovipositing at 5.30 
a.m. and others were several times observed laying eggs near twilight 
in the evening, a time of special activity with both sexes of beetles. 

PLACE OF OVIPOSITION. 

As has been stated on another page, probably 95 per cent of the 
egos of the roundheaded apple-tree borer are deposited in the 
trunks of trees within 6 inches of the ground; usually they are not 
more than 1 or 2 inches above the soil and quite often they are on a 
level with (PI. ITI, C) or slightly below the surface. (PI. III, A, B.) 
In rare instances eggs are deposited in the crotches of trees, around 
the edges of cavities in the trunk or larger branches, and even in 
small branches high up in the trees. In one case the writer found 
two larve working ina branch 15 feet above the ground. Usually 
woodpeckers remove the borers that begin operations aloft in the 
trees. Possibly the beetle’s habit of ovipositing close to the ground 
has evolved from the greater dangers attendant upon the higher 
locations. 
When the female beetle is ready to oviposit she usually crawls 

from among the branches downward along the trunk. In descend- 
ing, if an obstacle of any kind is encountered she may pause and 
oviposit in the bark above it. This habit accounts for borers occa- 
sionally found in the crotches of trees. The writer found numerous 
egos and larve above burlap bands which had been placed around 
the trunks of apple trees for trapping codling moth larve. When 
similar bands were placed on trees in cages the beetles laid more eggs 
above the bands than at the ground. In one test of this kind, com- 
prising 5 trees and 5 female beetles, 36 eggs were laid above the 
bands and only 15 at the ground below the bands. These bands were 
attached around the trunks about 15 inches up from the ground. 

The statement has been made that the females prefer to oviposit 
in the trunks of trees that are surrounded and shaded by weeds, 
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ROUNDHEADED APPLE-TREE BORER. 

A, Female beetle splitting the bark of a young apple tree just below the surface of the ground pre- 
parancry to depositing an egg. Natural size. , Female beetle placing an egg in the tree just 
elow the surface of the ground. Natural size. C, Female beetle ovipositing at the surface of the 

ground. Slightly enlarged. 
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ROUNDHEADED APPLE-TREE BORER. 

A, Oviposition scars in bark of young apple tree. Natural size. B, Inner surface of bark peeled 
irom young apple tree, showing position of eggs. Natural size. C, Eggs in natural position. 
Hee culpieed: D, Young borers attacking lower trunk of young apple tree. E, Eggs. Much 
enlarged. 
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litter, or water sprouts, and that trees so surrounded are more likely 
to be injured by borers than those having trunks exposed to the full 
light. Observations made by the writer, however, indicate that the 
beetles prefer to oviposit in the sunlight rather than in the shade. 
In one case 609 borers were removed from an orchard of 6-year-old 
apple trees which was located on a hillside having a general slope to 
the southwest. The trunks of the trees were long and one side re- 

' ceived the unobstructed sunlight during a greater part of the day. 
The oviposition scars in which the borers hatched were found and 
those situated on the sunny side and shady side of the trunks were 
counted separately. As nearly as possible, each side was made to 
include half the circumference of the trunk. Of the 609 oviposition 
scars which were located, 393 were on the sunny or exposed side and 
916 on the shaded side. The fact that about 65 per cent of the eggs 
had been laid on the more exposed side of the trees indicates that 
mulches of straw or hay placed around trees or the shading of the 
trunks by low branches does not attract the beetles, but rather 
repels them. 

OVIPOSITION IN CAGES. 

Other workers with this insect seem to have had but little trouble 
in inducing caged femiale beetles to oviposit in apple twigs, in sec- 
tions of apple branches set in the ground, and even in apple fruits. 
The writer, however, has never been able to get a normal frequency 

of oviposition in any but growing trees. At one time 15 pairs of 
beetles were confined separately in roomy cages for a period of 17 
days. Fresh apple branches, about an inch in diameter, were set in 
the ground daily in each cage. Although this was kept up from May 
31 to June 17, a time when egg laying in the field was at its height, 
only 17 eggs were secured in the branches and 10 of the 15 females 
failed altogether to oviposit. The cages with the beetles were then 
removed and placed over small growing apple trees, whereupon 
oviposition began freely and at once. Attempts to induce caged 
females to oviposit in other than growing trees were made frequently, 
but never with entire success. 

OVIPOSITION PERIOD. 

As an example of the period of time over which eggs are de- 
posited in a given locality, observations made in 1914 may be cited. 
During that year the first female issued on May 23. Hight days 
later she paired with a male and on June 4 laid her first eggs. No 
record was obtained of the last egg of this individual but other 
females continued to oviposit until August 1, the entire egg-laying 

154187°—20—Bull. 847-2 
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‘period for the year covering 58 days. It is not unusual to find un- 
hatched eggs in the field in the latitude of West Virginia from Au- 
gust 10 to 15, although none have been found after August 15. From 
these and from considerable other data obtained, it appears that nor- 
mally egg laying continues in a given locality from 50 to 60 days, 
although perhaps no single individual oviposits over so long a period 
of time. 

INDIVIDUAL EGG CAPACITY. 

The number of eggs normally deposited by a single female beetle 
is not great, the average number having been found by different in- 
vestigators to vary considerably. Felt and Joutel (6) mention 10 
as being about the quota for one individual, while Becker (14), mak- 
ing observations in the Ozark Mountain regions, found the number 
to range from 16 to 93, with an average of 40.8 per female for five 
individuals. The writer obtained egg counts from 15 individuals, 
the figures being shown in Table I. 

TABLE II.—Individual egg capacity of female beetles of the roundheaded apple- 

tree borer at French Creek, W. Va. 

Sah Byorege 
Number number 

Year. of Nurs T) of eggs 
females. 888. per 

female. 

HOLT ES. Side se coum See Eee eee a ene eee = Sane ee eee ee Pameees ae 3 52 17.3 
LQ 1 Aes Sie so BS a Gans Seis od en is ns Uae Senne ee mee Se ee s Sce eee e eae 1 17 17 
WOVE. s ode chan Ses Sie ne cate asia arene eee g asin ie = Seiole sie Ses ees e Serer te 1 20 20 
1 Fa ee Te Sikes Se See eS ee Paseo ene Pe eee ene eee a aie eae al 22 22 
LTT soc een eee ee ne Sab SoS epee oue san eens ee te ewe eee 1 13 13 
LO Deseret aca tee spose soar eee Eee Prone cen aces cee ae ee ee sence 1 20 20 
NOTA oven coeds Sowdeie volt ese nescacassclnnese 2 seeeloe. otal oaseee es wecen seein it 193 27.6 

OUR S32 Sone ee ee ee ere ee Ae see oe eee eee eee See 15 By (esate 

Average number of eresper beetles sn. Ss oe. can soos ne oe ee ee ee 2 ee ee ee 2a 

Table IT shows that the minimum and maximum numbers of eggs 
obtained from 15 beetles were 13 and 27.6, the average being 22.5. 
Since these records were obtained in several different years under 
conditions that were approximately normal they probably represent 
fairly accurately the average number of eggs laid by females in the 
locality mentioned. 

PERIOD OF INCUBATION OF EGGS. 

The time required for the eggs to hatch has been variously stated 
at from 8 days to 8 weeks. The writer noted the period in 8 in- 
stances, the data for which are set forth in Table III. 
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Taspie III1.—Period of incubation of the roundheaded apple-tree borer at French 

Creek, W. Va. 

Number 

Dates on which eggs were laid. Dates on which eggs hatched. Ale eae aa 
r hatch, 

DIS SS WE a ek SP tbe a Aji aVs\orto mesa Ge a ee he NS Sates 1 14 
DUBS TASS SS Ral Ae Oi Sa aes 82 a a Co TE (Oi pe nl sca cae cape ie MR Pe 1 16 
LIBS) Oo esl icc evens Bais Pere es Oe ane et ABD OVS SALES Re yar cae Nic MP A 1 16 

Oy 5S aS CONS ie i ee Re Rs Pd TUM OLS Deca Ane ae eye MRR Be 1 17 
AMENRNS) AIO i eS Ce yeh es eek coe a a en PB a SYA ieee en et 1 13 
IB HACE) Tea hes se OU SIS a na gn a ee ee GAIUS =) PAD) A a a AS Ts A Big eg ee 1 16 

(Des a OA Re aL Ts LS ara ee WADE AVE yeIO) ais tS eal ee a Se 1 17 
IDO Hse Bae eae areas tse Caesar es ANE CLD fi Ps ay Stele anh ae ein IEPA ee 1 19 

PASOLACePeLOdKO len CHU aAtlONe ssa So aaa ake alate ieee mae See nebo aetna si emake  ua 16 days. 

As is shown in Table III, the minimum and maximum periods of 
incubation were 13 and 19 days, the average for the 8 eggs being 16 
days. Evidence was obtained that hatching is retarded by low and 
accelerated by high temperatures. 

THE LARVA. 

The larva (Pl. V, A, B) is a cream-colored, footless grub, with 
brown head, blackish mandibles and a conspicuous patch of small, 
brown tubercles on the posterior half of the broad, flattened dorsal 
surface of the first thoracic segment. ‘The intersegmental con- 
strictions are deep and the dorsal and ventral surfaces of the first 
seven abdominal segments are elevated and roughened. ‘The sides 
of the body are sparsely covered with short, stiff hairs. When full 
grown, the length is from 30 to 40 mm., the females being consider- 
ably larger than the males. According to Becker (14) there may be 
as many as six larval instars. 

DEVELOPMENT AND FEEDING HABITS OF THE LARVA. 

The behavior of the larva varies as affected by individual char- 
acteristics, difference in size, vigor, and species of host trees, and dif- 
ference in localities, so that no one description of the larval develop- 
ment will apply to all. In the latitude of West Virginia the activi- 
ties and growth of the larva when feeding under normal conditions 
in apple are about as follows: The larva begins to feed at once after 
leaving the egg and soon eats out a broad, irregular, usually more 
or less circular burrow around the point where the egg was laid. 
At this stage of its life growth is rapid and the borer soon forms a 
broad, elongate gallery under the bark which may extend in any 
direction away from the point first attacked. As winter approaches 
there is some tendency to burrow downward to or beneath the soil, 
but this is by no means general. 

At first the feeding is all in the bark and the point of injury usu- 
ally shows from the outside as a dark, slightly depressed spot from 

% 
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which castings are ejected and from which a small quantity of sap 
often flows. In some cases the borer burrows into the wood the first 
season, but usually it does not enter the wood until the succeeding 
spring. In small trees the galleries penetrate to the heart, but in 
old trees they are seidom extended more than an inch beneath the 
inner bark. The burrows in the wood, like those in the bark, are 
broad and irregular in shape and usually extend both above and 
below the surface of the ground. In the northern part of the in- 
sect’s range a greater proportion of the feeding seems to take place 
beneath the ground. The writer found larve in Maine burrowing 
downward in the roots to a distance of a foot or more from the 
base of the trunk, a depth which does not seem to be reached in the 

South. Many 1-year-old larvee were also found in Maine that had 
not yet penetrated into the wood but were still feeding in the bark 
near the old oviposition scars. In all their feeding larve keep an 
open space about themselves, to allow of free movement, but pack 
the balance of their burrows with wood fragments. Strings of red- 
dish-brown castings are also thrown out from the tree through small 
openings in the bark. (Pl. V,C.) 

In the late summer and autumn preceding the spring during 
which pupation is to take place, the larve excavate galleries leading 
up the trunk of the tree a short distance beneath the bark. (PL VIII, 
A, B.) At the upper end of this gallery the pupal chamber is 
formed by slightly enlarging the circumference of the opening and 
curving the upper end outward to the inner bark. (Pl. VU, A.) 
The curved upper end is packed lightly with wood dust and a con- 
siderable space in the gallery below the pupal chamber is filled with - 

short, excelsior-like strings of wood torn from the walls of the opening. 
(Pl. VIII, A.) The space for the pupa is often 2 inches or more 
in length and both the larvee and pups when occupying it recede or 
advance when disturbed, evidently a provision for escaping wood- 
peckers. The pupal quarters usually are practically completed in the 
autumn but the larvee add finishing touches in the spring before they 
pupate. In small trees the exit holes at the upper end of the pupal 
chambers are usually within from 4 to 8 inches of the ground, but in 
large trees it is not unusual to find the place of exit at the terminus 
of a gallery extending upward from the ground to a distance of 18 
inches or 2 feet. Just why the pupal quarters should be made higher 
in large trees than in small trees does not seem to have been 
determined. 

Wintering larvee begin activities early in the spring and continue 
to feed until stopped by the cold weather of winter. Probably the 
annual feeding period in the South is much longer than in the North. 
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ROUNDHEADED APPLE-TREE BORER. 

A, Borer, first summer in tree. Natural size. B, Second summer in tree. 
ings being ejected from tree by borer. 

Natural size. C, Cast- 
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ROUNDHEADED APPLE-TREE BORER. 

A, Yeung apple tree dying from injuries caused by roundheaded apple-tree borers. B, Trunk of 
young apple tree marked by beak of woodpeckers searching for borers; the Jarger wounds show 
where borers have been removed. C, Adult roundheaded apple-tree borers; male above and 
female below. Stigntly enlarged. D, Borer in apple tree; showing cleared space maintained in 
burrow to allow of free movement of body. Natural size. 
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ROUNDHEADED APPLE-TREE BORER. 

A, Pupe in natural position in tree. B, Castings of borers at base of young apple tree. ©, Borers 
in young service tree. D, Exit holes of beetles. 
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ROUNDHEADED APPLE-TREE BORER. 

A, Larve within pupal chambers in young apple tree. Natural size. B, Cross section of base of 
trunk of young apple tree, showing galleries made by borers in ascending the trunk to pupate, 
Natural size. C, Beetle resting by exit hole. Natural size. 



ROUNDHEADED APPLE-TREE BORER. i133 

FORM OF BURROWS IN PEAR DIFFERS FROM THAT IN APPLE. 
It was frequently noted that the borers in pear trees formed dif- 

ferently shaped burrows from those made in apple. In pear the 
burrow is much more elongate, often being a slender gallery 6 or 8 
inches in length and extending around the trunk, sometimes almost’ or 
entirely encircling trees several inches in diameter. As the larve in 
Boe near maturity they enter the wood and pupate much as in apple. 

PERIOD SPENT BY LARVA IN THE TREE. 
Ever since the roundheaded apple-tree borer began to attract the 

attention of entomologists there has been some disagreement as to 
the number of years spent by the larva in the tree. Practically all 
writers have agreed that the life cycle requires either two or three 
years for completion. Most of the well-known textbooks on general 
entomology, as well as the systematic treatise on this particular 
species, give three years as the life period. Comstock (4, p. 578): 
says “It requires nearly three years for this larva to attain its 
growth.” Smith (5, p. 209-210), speaking of the larva, says “In the 
spring of the third year [it] changes to a beetle.” Felt and 
Joutel (6) give a three-year period in the tree. Saunders (8) says 
“Tt is generally conceded that the larva is three years in reaching’ 
maturity.” Sanderson (12) says “ The third spring the larve trans- 
form to pupe.” Slingerland and Crosby (13) state, “It is generally 
believed that it requires three years for this apple-borer to complete 
its life cycle.” Lutz (15, p. 359) says, “ From egg to adult takes 
three years.” Chittenden (7) gives a three-year life cycle. O’Kane 
(11) says “The larva requires three years for maturity.” Both 

Smith (10, p. 52-54) and Patch (9) give a three-year larval period. 
Becker (14) says “Saperda candida has a two-year life cycle in the 
Ozarks,” but points out that “ There seems to be some indication that 
occasionally a larva may require three years for its development.” 
The present investigation has shown that the length of the life 

cycle averages longer in the North than in the South and also that 
this period may vary several years in length in a given locality. 
Table IV shows the years required for 121 insects to reach maturity 
at French Creek, W. Va. 

Taste 1V.—Period of life cycle of the roundheaded apple-tree borer at French 

Creek, W. Va. 

Number years in tree. 

Year beetles issued. xy 

Hf 2 3 4 5 

TTS apc ils ty ak ASE he ees Oe ET 0 9 0 0 0 
iL GARE aime Epon apie ea i ANE 5 sl ol es ae ale ee bal 0 11 2 0 0 
TINE a ae sete Si SS Rs ea a lat era 2 7 1 0 0 
TG Sens Bee OE ea IE a a TS ce Seek ee ee 0 36 10 1 0 
Oe ane ae a eae it Mee. | Pe Mc ee Ma appl YS anaes AN Ries 0 40 2 0 0 

NTE ha ats arts see a aan ea aR, SON eda oN ceed ts OREN 2 103 15 1 9 
IP ET Cent iiiy pane tate OS RC ania tMbe ania och A Ugo eee ayes Wey 85.1 12.4 (RFI Nee reas 
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Table IV shows that out of 121 individuals, 2 issued from the 

wood as beetles the next year after the eggs were deposited, 103 is- 
sued in two years, 15 in three years, and 1 in four years. 

Records of the exact number of days elapsing from the deposition 
of the eggs to the issuing of the beetles were ascertained in a number 
of instances. These records are shown in Table V. 

Taste V.—Numober of days between deposition of egg and emergence of beetle 

of roundheaded apple-tree borer at French Creek, W. Va. 

- Number of beetles. | Number 

: Date beetles issued from of days 
Date egg was deposited. wood. from egg 

Male. | Female. | to beetle. 

| 

PUMCMBS1 Ol kase -Syettachescsenssernekeenen June TIS ewan seo seee se 1 0 713 
Wises opiate cece este eee eee JUTIeM 4M Ol oeeccme seen eee 0 1 726 
i B Yo Sie ee cee i es henge a ea cee te June 8, 1915....- oes eta cater 0 1 720 

PUTIG ED \ IOS Vacs Peete kt eee oe Sao ee Ma yi2e O16 Moses see 2 0 708 
Une Ss OVA tee oe oon ES ee toe Lo As Coss tes See ee 2 0 705 
PUM OS G1 OLES) ee eae in naeenol 2a May 25, 1916..2224..55.2...8 1 0 716 
MUON 2 10 Pra a ane eae OSG ae Sr he 1 0 712 
FUE ER OLA Ae eee) ae Sen eee Se eee a May 26, 1916..... SS eee 1 0 707 
Ap way tg oF a Ko Fe er eter eC Seer Por Mai? fel OIG Setar eee 1 0 1,073 
UIMIOH SYA OL eras Se oe FSi cee Se eae mere 6 Cap ee eee re as a ee 0 1 708 
MOT @elG nal hdc iete oo ok gee are Bee ee Magoo tO1oe st aeeatas oan 0 2 71 
SUING CS, POA. es ek ee we ee tae GOS rence Soe ee ee oe 0 1 709 
wh a= ha Noa KO) We asia nt ema ba eae A I Re fee C6 fe) ee toe ph ee eee 0 i 716 
SUNOS IG Ge etec foe ee ee oc oe eae (ENS (6 [oss ee GA eer gi re See 0 1 1,074 
PUNE STO ee eit. ee ena eae sete OO seen aas eee tea 1 0 716 
DTTC OEP LOT de re eae seme e ie ce ae ene Maye 29; 191622222 ctecee care oe 0 2 712 

RO Geb. ora his xm nye ae the ae SR IN | a stad ie 8 as aye ee 10 TOA Ne Sete Nee 

As is shown in Table V, 1 male spent 1,073 days in undergoing 
development within the tree and 1 female 1,074 days, a 3-year period 

for each. All the others reached maturity in 2 years, the 9 males 
requiring on an average 710 days from egg to adult and the 9 
females undergoing the same transformation in an average of 714 

days. 
Records obtained at Winthrop, Me., show that of 24 individuals, 

none matured in 2 years, 6 issued as beetles in 3 years from the egg, 
and 18 required 4 years to develop from eggs to adults. No definite 
records were obtained for individuals requiring longer than 4 years 
for development and yet observations were made which indicate a 
5-year period in some cases. Observations made at Biltmore, N. C., 
indicate a 2-year period with most individuals in that locality. 

THE PUPA. 

The pupa (Pl. VII, A), when first formed, is soft and delicate, 
the color being similar to that of the larva. Within a few days it 
turns slightly yellowish, the eyes soon take on a dark color, and later 
the whole body becomes mottled with brown and blackish markings. 
The pupa occupies a vertical position in the cell and measures from 
18 to 25 mm. in length, the females being much longer and more 
robust than the males. 
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PERIOD OF PUPATION. 

At French Creek, W. Va., practically all the individuals pass 

through the pupal stage during the period from April 15 to May 15, 
’ although the time of pupation and the duration of the stage depend 
very much on weather conditions. The earliest pupa was found in the 
field April 12, 1918, and the latest May 20, 1915, although undoubtedly 
a few may sometimes occur before and after these dates. In the 
locality mentioned, the entire pupal period for any one year has not 
been found to extend over 30 days, the pupal stage for a single 
individual averaging about 20 days. All transforming individuals 
were found in the pupa stage at Demorest, Ga., on May 1, 1915; at 
Winthrop, Me., on June 17, 1916; and at Munising, Mich., on June 
20, 1917. 

As has been stated, the pup are sensitive to temperatures, warm 

weather accelerating and cold weather retarding the changes. After 
_ transforming to the adult stage the beetles usually remain within 
the pupal chamber from 5 to 10 days, the length of this period, too, 
depending on weather conditions. 

THE ADULT. 

The adult (PA. VI, C; VIII, C) is a handsome, elongate beetle, the 
males averaging 15 mm. in length and the females 20 mm. The 
back is cinnamon brown with two broad white stripes extending the 
full length of the body; the front of the head and underparts are 
silvery white and the legs and antenne gray, changing to brownish 
at the extremities. The antenne of the males are slightly longer 
than the body and those of the females slightly shorter than the 
body. 

In escaping from the wood the beetles gnaw round exit holes 
through the bark at the upper end of the pupal chamber, the holes 
ranging from 5 to 8 mm. in diameter, the larger ones being those 
from which females issue (Pl. VII, D). 

PERIOD OF ACTIVITY OF BEETLES. 

The statements of other investigators regarding the length of time 
that the beetles of the roundheaded apple-tree borer are on the 
wing indicate that in some places this period may be of longer 
duration than in any of the localities where the present writer has 
made observations. Becker (14), in the summary of his paper, says 
that in the Ozarks pupation begins in the latter part of March and 
may continue until the middle of June, and on another page speaks 
of larve that pupated as late as July 11, the inference being that 
this was under normal conditions. The beetles are said by the same 
author to be on the wing in the Ozarks from the third week of April 
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until perhaps as late as the last of August. These statements indi- 
cate that in the Ozarks beetles continue to issue from the wood 
over a period of approximately 100 days. Chittenden (7) states 
that oviposition has been observed from June to September in a single 
locality (Lawrence, Kans.) and says that at Albany, N. Y., beetles 
have been observed in the trees as early as April. Felt and Joutel 
(6) cite statements of observers giving the months of May, June, 
July, and August as the time when beetles are abroad. 

All the rearings of the present writer indicate that the beetles issue 
from the wood over a much shorter period than has been found by 
the writers referred to above. The longest periods covered by the 
emergence of the beetles were at French Creek, W. Va., where, in 
1916, 244 beetles issued from May 20 to June 18, a period of 30 days, 

and in 1917, when 118 beetles issued from May 25 to June 23, a period 
of 30 days. No beetles in either year issued before the first dates 
or after the last dates named. In all the rearings of which the dates 
of issue were kept, including 772 beetles, the first to issue was at - 
Demorest, Ga., on May 8, and the last at Munising, Mich., on July 
23, the interval between these two extreme dates being 78 days. 

Table VI presents the data which have been accumulated rela- 

tive to the time of emergence of beetles in several localities. 

TasLtE VI.—Periods during which beetles of the roundheaded apple-tree borer 

issued from the wood in different localities. 

Periods over which beetles issued from wood. 

‘ver ia eee eal eet 7. rf 8 Year. Locality. wot ; pe eaente oP May. June. July. 

tles. days. | Nl | 

5|10)15)20/25/30) 4] 9)14,19)24/29) 4] 9)14/19/24/29 

eres ee ees i 2 Pea Ps 
1 | | 

1911..| French Creek, W.Va.| 11 | May 23-June 1... 10 |. -|-. Sea | 
A912 25 | 5.2001 QOwzereceee = sere 27 | May 14-June6...} 24 |. ve 
BEA Rane GO Mi coe seesecse: 95 | May 12-June 6...| 26 |. 
1914 s|2 cee QObiese secs tscctes 116 | May 22-June 8.. 18 j. 
LOVES sees (66 ee ne 5 | May 25-Junel4..| 21 
1OTG2 3) 2-2 G08. fos oe seonstes 244 | May 20-Junel8..| 30}. 
LOU (Beco QOS eco see ne eee 118 | May 25-June 23..| 30 |. 
1OTS Seen GOs eoocuscesaxea 21 | May18-May 28..; 11 |. 
1914..| Weston, W. Va...... 35 | May 20-June2...| 14 |. 
1914.. pica Cacapon, W. 13 | May 20-June6...; 18 |. 

a 
1914..| Elkins, W. Va....... 16 | May 28-June 5... 9 3c 
1914..| Pickens, W. Va....-.. 24 | May 28-June9...} 13 |..]. : 
1914..| Pemberton, N.J..... El Sime 2h as os cece 1 edileraile 
1914..| Winthrop, Me........ 28 | June 18-June 30.| 13 |._|..|.. 
1915. .| Demorest, Ga........ 6 | May 8-May 14... 7 |..| = | | 
1915..| Biltmore, N.C....... 2 | May 15-May 20.. 6 |..|..| =m 
1916..) Winthrop, Me........ 8 | June 20-July 3...) 14]. .-[--/.-}o.]..|--|-.| =eamaen 
1917..| Munising, Mich...... 2 | July 23-July 25.. ole a [eatbceterelton fe [es fanlee = 

Total number beetles..| 772 

LENGTH OF LIFE OF INDIVIDUAL BEETLES. 

Eight female beetles whose emergence and death were noted in 
1911 and 1912 lived, respectively, 27, 31, 37, 41, 41, 44, 46, and 46 

se 



| ROUNDHEADED APPLE-TREE BORER. ; 17 

days. In 1912 the first beetles issued from the wood on May 14 and 
eggs were still being deposited on July 1, 48 days after the first 

‘beeties appeared. In 1913 beetles were observed on the wing from 
May 12 to July 19, a period of 68 days. In 1914 a female issued on 
May 27 and died July 24, living 58 days. In the same year a male 
and female were alive on August 6, 76 days after the first beetle 
issued. In 1917 -the first beetle left the wood on May 25 and the 
last beetle of the year died August 10, beetles thus being on the wing 
for 77 days. In 1918 two females were observed to be alive and 
active 61 days after leaving the wood. The beetles referred to 
above were in all cases kept in roomy wire-screen cages over small, 
growing apple trees, and it is presumed that their life periods 
extended over the normal term. 

FEEDING HABITS OF BEETLES. 

The beetles feed to a considerable extent upon both tender and 
tough bark of twigs and branches and upon leaf stems and leaf ribs, 
and they frequently chew ragged holes through the tissues of the 
leaf. (Pl. IX, A, C.) They were observed often working with 
their mandibles atthe castings ejected from trees by larvee of their 
own kind and were seen occupied in a similar manner with damp 
soil; this was probably for the purpose of obtaining water. One 
female beetle kept alone in a cage over a young apple tree lived for 
58 days, and after her death a careful measurement was made of 

’ the leaf and bark surface over which she had eaten. The total area 
eaten was found to be 6.9 square inches. In another instance two 
male and three female beetles, which had just issued from the pupal 
quarters, were placed in a roomy cage over a young apple tree that 
had been sprayed just before with lead arsenate at a strength of 3 
pounds of the paste to 50 gallons of water. Two of the beetles died 
the first day, one died on the second day, one on the third, and the 
other, a female, died on the ninth day. All apparently Eicommied 
to the poison, as there was no mortality among beetles caged at the 
same time over unsprayed trees. Death occurred to all the beetles 
confined over the sprayed tree before any eggs were deposited. It 
was noted frequently that beetles differed individually in the amount 
of feeding done immediately following their emergence from the 
wood, some proceeding to feed at once and others waiting several 
days. It is probable that the female referred to above, which lved 
nine days over the sprayed apple tree, did no feeding until a short 
time before her death. 

COPULATION. 

Copulation may take place soon after the beetles issue from the 
pupal chambers or it may be deferred a week or 10 days, the time 

154187°—20—Bull. 847-3 
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of pairing seemingly depending about as much upon the volition of 
one sex as the other. Newly emerged males occupying cages in com- 

pany with females have been observed to wait several days before 
paying any attention to the females. In other cases they have begun 
courtship on the day following that of their emergence. The females 

usually repel the males for several days, but will sometimes receive 
them within an hour after quitting the pupal quarters. Evidently 

some individuals of both sexes remain in the wood until they are 
sexually mature, while others issue before the sex instinct has 
developed. 

The act of copulation usually lasts several hours and is repeated 
at frequent intervals so long as both sexes live and are active. 
Pairing was several times noted after the participants had been on 
the wing from 30 to 40 days. 

Females confined by themselves were observed to engage in a 
performance evidently to attract males. They would occupy the 
upper surface of an exposed leaf and thrust cut the ovipositor to its 
utmost length and then wave it about while it was being gradualiy 
drawn in. A few minutes later the ovipositor would be again ex- 
tended and then drawn in and so the act would continue for an hour 
or more. Apparently a scent or influence of some kind was being 
discharged as a sex attraction, but when females so engaged occupied 
outdoor cages no wild males of the locality were observed to come 
to the cages. 

DAY AND NIGHT ACTIVITIES OF THE BEETLES. 

Early writers on this insect described the beetles as being active 
nocturnally and secreting themselves by day. The beetles were sup- 
posed to issue from their pupal cells and deposit their eggs exclu- 
sively by night. The reverse of this habit, however, has been found 
more nearly true. All the beetles issue from their exit holes by day, 
usually during the forenoon, although a few continue to come forth 
during the afternoon hours. No evidence was obtained that ovi- 
position ever takes place in the darkness, although male beetles are 
occasionally on the wing at night. There is a period of activity in 
the evening just before twilight when both sexes are especially in- 
clined to flight, but as darkness comes on most of the beetles settle 
among the branches and remain quiet until the light of the morning. 

Observations made at night with electric flashlights indicated 
that the normal habit is to rest in one place through the night, but 
that occasionally the beetles move about in the darkness. 

DO THRE BORERS DIFFERENTIATE BETWEEN VARIETIES OF APPLE? 

Orchardists often observe what appears to be a preference on the 
part of the roundheaded apple-tree borer for certain varieties of 
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apple. Individual trees or blocks of one kind of apple will be at- 
tacked year after year much more extensively than those of other 

“varieties. Becker (14) concludes from experiments that the borer 
does not discriminate between varieties and that the preference which 
is often indicated is merely a matter of propinquity. 

During the present investigations observations were made bearing 
on this point over a period of five years in the experiment orchard at 
Elkins, W. Va., As has been stated, this orchard contained only 
three varieties, namely: 310 King, 341 Grimes, and 341 York 
Imperial, the block of Grimes occupying a space through the center 
of the orchard. All the rows of the three varieties abutted imper- 
tially at one end against an older and heavily infested orchard. 
There were no conditions within or surrounding the orchard that 
would appear more favorable for the attack of one variety than 
another, except that female beetles in entering the orchard to ovi- 
posit might be expected to alight more frequently on the outer 
trees. During four of the five years over which counts were made, 
however, the Grimes in the center were much-more severely at- 
tacked, practically 50 per cent of the 1,639 borers removed from the 
trees being found in this block. The King trees, although fewer in 
number, were second in point of attack, and the York Imperial 

trees suffered least. This ratio of attack, as may be seen from Table 
VII, was constant for the years 1913, 1914, 1916, and 1917. In 
1915, which was the year of lightest infestation, the York Imperials 
were first in point of attack, the Grimes second, and the Kings third. 

TABLE Vil.—Relative extent of infestation by the roundheaded apple-tree borer 

of three varieties of apple for a period of five years. 

Variety of apple. 

Tr. King. Grimes. York Imperial. 

Number Number Number | 
of borers. | Per cent. | of borers. | F&F Ce2t-| oF porers.| Pet cent. 

ESOS ies ree aa ae oa ae ee om elenien- 49 30.3 47.5 36 22.2 
UME Ss See See ee eee eee oe er Reena 80 33.5 46.0 49 20.5 
INS oan See ce eotrele = Gear e Spaces eccnaeed 8 8.3 44.8 45 | 46.9 
LUGS ees ccn chee eee eee ee cee sees 223 35.4 8 44.8 125 19.3 
iNife-Secks neeheestheeceaca at Sosppabot cece 121 23.7 E 59.3 37 17.0 

TE ae ee eee eee PE ae 481} 29.3 | 816 | 49.8 | 342 | 20.9 

It is entirely possible that the results which are shown in Table 
VII are accidental, and yet it must be confessed that, aside from 
varietal preference on the part of female beetles while ovipositing, 
there is no apparent way of accounting for the almost constant maxi- 
mum attack of Grimes and minimum attack of York Imperial, 
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DISTANCE OF FLIGHT OF FEMALE BEETLES DURING OVIPOSITION. 

The probability that the female beetle during her egg-laying ac- 
tivities does not normally wander far in search of host trees has been 
suggested by the fact that the trees containing the larve are usually 
found in somewhat restricted groups. This grouping of the borers 
occurs not only in orchards but in the woods as well, and indicates 
that where host trees grow near together the adult females during 
oviposition are not inclined to fly far from the trees in which they 
develop. In an effort to obtain data bearing on this point several 
experiments were carried out in West Virginia, which are described 
below. 

THE DARNALL ORCHARD, 

This orchard contained 537 apple trees ranging in age from 4 to 
about 20 years. In the summer of 1914 it was found to be badly in- 
fested with roundheaded apple-tree borers, and the trees were gone 
over carefully after the eggs of the current season had hatched, all 
the borers being removed and counted. The trees contained 141 
borers, 106 of which had only recently hatched. The orchard was 
surrounded by pasture lands and woods in which grew an abundance 
of seedling apple, wild crab apple, hawthorn, and service trees. 
Within a strip 600 feet in width surrounding the orchard these out- 
lying trees were also examined and all the borers removed and 
counted, the number of borers found being 95. This operation was 
repeated annually for a period of 4 years, it being obvious that if 
borers were not allowed to breed within the area all the young borers 
found within the orchard after the first year would necessarily have ~ 
hatched from eggs deposited by female beetles which had flown into 
the orchard from outside the 600-foot strip. 

In the second year of the experiment (1915) an examination of 
the orchard trees showed that female beetles had crossed the 600- 
foot strip and deposited 56 eggs. The third year (1916) only 1 egg 
was deposited in the orchard. The fourth year (1917) beetles flew 
across the boundary strip and deposited 44 eggs in the orchard trees. 
While this was a considerable reduction from the number of eggs 
deposited annually in the orchard before the experiment began, still 
it showed a rather general tendency on the part of the female beetles 
to fly at least 600 feet in searching for trees in which to oviposit. 

In figure 2 are given plats of the Darnall orchard showing the 
location of infested trees and the number of borers found at each of 
the four annual examinations, 
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Fic. 2.—Saperda candida. Plats of Darnall orchard illustrating distance of flight of 

female beetles during oviposition. Circles represent location of infested trees and 

the figures within them show number of borers found. No beetles were allowed to 

develop within 600 feet of the orchard. Plat 1: Position of infested trees and 

number of borers found at first examination (1914). Trees contained 106 young 

borers and 35 from eggs of previous seasons. Plat 2: Position of 56 borers devel- 

oping from eggs deposited in 1915 by beetles that had flown into the orchard 

from outside the 600-foot strip. Plat 3: Position of one egg deposited by female 

. which entered the orchard from outside the 600-foot strip in 1916. Plat 4: Posi- 
tion of 44 eggs deposited by beetles which entered the orchard from outside the 

600-foot strip in 1917. 
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THE PAGE ORCHARD. 

The Page orchard, like the Darnall orchard, was found in 1914 
to be heavily infested with roundheaded apple-tree borers. The 
trees within the orchard and within a strip 300 feet in width sur- 

rounding the orchard were cleaned of borers. The orchard contained 
464 trees from which were removed 290 borers, 254 of which were 
trom eggs of the current season. This orchard was surrounded en- 
tirely by pasture lands over which grew scattering seedling apple, 
crab apple, and hawthorn trees in which many borers were develop- 
ing. The second annual examination, which was made in August, 
1915, showed that 55 eggs had been laid in the orchard trees. One 

Fic. 8, 4.—Saperda candida. Plat of Page orchard illustrating distance of flight of 

female beetles during oviposition. Circles represent locations of infested trees and 

the figures within show number of borers found. Orchard surrounded by 300-foot 

strip cleaned of borers. Plat 1: Infested trees and number of borers found at first 

examination (1914). Orchard contained 290 borers, 254 of which developed from 

eggs of the current year. 

borer had been overlooked in the orchard during the examination of 
the previous year and this had developed into an adult female, as 
was apparent from the size of the exit hole, and near to the tree 
from which it issued two trees were found containing, respectively, 
4 and 9 young borers.. In another part of the orchard a group of 7 
trees contained 42 young borers. This group of infested trees was 
near the outer border of the orchard, and 275 feet distant another 
fresh female exit hole was found in a seedling apple growing in the 
pasture field, the author of which had been overlooked the previous 

year. It seemed probable that this beetle had flown to the orchard 
and that the two females overlooked the previous year were respon- 
sible for all the eggs which were deposited within the orchard in 
1915. 
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The third year (1916) 38 eggs were distributed among 10 of the 
orchard trees, all evidently having been laid by females that flew 
into the orchard over the 300-foot strip. 

+ 175 Feat 2 Exit hole —— 

Fic. 3, B.—Saperda candida. Plat of Page orchard illustrating distance of flight of 

female beetles during oviposition. Circles represent locations of infested trees and 

the figures within show number of borers found. Orchard surrounded by 300-foot 

strip cleaned of borers. Plat 2: Number of borers found in second examination 

(1915). Fifty-five borers present from eggs of current season. Crosses indicate 

where two female beetles issued that had been overlooked as borers during the 

previous annual examination. 

Fic. 3, C.—Saperda candida. Plat of Page orchard illustrating distance of flight of 

female beetles during oviposition. Circles represent locations of infested trees and 

the figures within show number of borers found. Orchard surrounded by 300-foot 

strip cleaned of borers. Plat 3: Number of borers found at third examination 

(1916). Thirty-eight borers were present, all having evidently hatched from eggs 
deposited by females which had entered the orchard across the 300-foot strip. 
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The Page orchard and the strip surrounding it were kept clean 
of borers for three consecutive years. The plats above (fig. 3) show 
the condition of the orchard as to infestation at each examination. 

It will be seen that the results of the experiment in the Page or- 
chard were fuily as good as those obtained in the Darnall orchard, 
although the cleaned strip surrounding the trees was only half as 
wide. This may be accounted for by the fact that the breeding con- 
ditions for borers surrounding the Page orchard were much less fa- 
vorable than those surrounding the Darnall orchard and fewer 
beetles were developing in the locality. . 

The results of the experiments described and illustrated above for 
determining the distance which beetles will fly during the period of 
oviposition are suggestive although not entirely conclusive. It will 
be noted that every year in both orchards after the experiments be- 
gan there is evidence that female beetles crossed the surrounding 
strip of borer-cleaned territory to oviposit in the orchard. In all 
vases, however, there was a decided improvement in the borer con- 
ditions within the orchards after the development of beetles within 
cases, however, there was a decided improvement in the boror con- 
ditions of infestation on the number of young borers found in the 
orchards at the first examinations, we have thereafter percentages of 
borer reduction which may be tabulated as follows: 

TABLE VIII.—Improvement in roundheaded apple-tree borer conditions derived 

from preventing the development of adults within and adjacent to the 

orchards, 

umber of 
r cleaned-up Percentage Name of orchard. Year. strip sur- pose of gain. 

rounding : 

Feet 
MD ATTEN Sete of eet eteeiclole ete = aie ctctera sete ere LO 14 eeiten Seog aot 600 106%) 2s sess 

Rede sone rasusueeeauteesebooeeace O15 elec eee arene 600 56 47.1 
DO eee ce oe eae een ae Ub Nie eae ee SES 600 1 99.1 
DO sesh2e coe c see ceitee Soe eee eae AON ees Seniesa cece 600 44 58.5 

Page 2 les. eee cree eee Hees a aeremae mace AQU4 oes oes ees ee 300 254 |e2o se seit 
(Pea sade as see gets Paes. seo ee ooe OD rales eee ae 300 55 78.3 

ID Yi ee Gaeta sc cosas ce Seon pe. D9 Gao. eet eee Se 300 38 85.0 

otal: average gain.in-both orchards..|=. <2 =2a-22 2225 -- eccoe |e oseeosccs|o- ss eoaaeeom 73.6 

As is shown in Table VITI, the average improvement in borer con- 
ditions in both orchards derived from the stopping of the develop- 
ment of adults in the immediate localities was 73.6 per cent. 

FURTHER TEST OF THE FLIGHT OF FEMALE BEETLES. 

One of the orchards used in experiments dealing with the round- 
headed apple-tree borer contained 992 young apple trees planted in 
31 rows of 32 trees each. Row 1 extended parallel with the outer 
row of an older orchard that was heavily infested with borers, the 
experiment orchard being surrounded on other sides by grown-up 

i cr 
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fields in which scattering seedling apple and service trees grew. 

Undoubtedly beetles developed within these outstanding trees and 
flew into the experiment orchard to oviposit, providing thereby for 
an unknown number of borers, which can not be eliminated from 
the numerical results of the experiment described below. The rather 
heavy infestation, shown below, of rows 1 to 5 can be accounted for 
only on the ground of an overflow of adult females from the ad- 
jacent older orchard. 

In the experiment orchard during three separate years newly 
emerged beetles of both sexes were distributed among the trees of 
row 16, which extended through the center of the orchard. The 

beetles used were removed from rearing cages and placed on the 
trunks of the trees, care being exercised to disturb or excite them as 
little as possible. The sexes of the beetles were about equally di- 
vided as to numbers. After a sufficient time had elapsed for all the 
eggs to hatch which were deposited by the liberated females, the 
orchard was gone over and the number of borers found in each row 
recorded. The results showed with some degree of accuracy the ex- 
tent to which the females in ovipositing wandered away from the 
trees upon which they were liberated. In 1914, 25 females were 
liberated on row 16; in 1916, 87 females were liberated on the same 
row; and in 1917, 12 were distributed in like manner. In the year 
1915, nine females were liberated on row 29. In all cases males ac- 
companied the females. 

Table [X shows the distribution by rows of the borers found in the 
orchard each season following the liberation of the female beetles 
on row 16. 

TABLE IX.—Distribution of roundheaded apple-tree borers hatching principally 

from eggs deposited by female beetles liberated on the central row of the 

orchard. Orchard contained 31 rows of 32 trees each and beetles were placed 

on row 16. 

Number borers found. Number borers found. 

NON O land | esese ee eee Ny ere BO} (0) Sea | Sea A a A ane Re Cpe) 
oun Total. ane Total. 

1914 1916 1917 1914 1916 1917 

1 1 20 25 46 17 18 23 28 69 
2 3 23 13 39 18 7 25 19 51 
3 5 23 23 51 19 9 14 21 44 
4 2 23 23 47 20 5 29 21 55 
5 1 22 2 25 21 Mi 19 24 50 
6 2 14 9 25 22 12 13 22 AT 
7 9 21 4 34 23 10 12 12 34 
8 3 28 7 38 | 24 9 14 23 46 
9 22 24 7 53 25 9 11 18 38 

10 9 21 7 37 26 8 14 3 25 
11 3 12 8 23 27 3 26 8 37 
12 14 19 19 52 || 28 7 21 6 | 34 
13 12 31 9 52 || 29 1 18 ig 37 
14 10 10 ig 38 || 30 6 12 14 32 
15 7 30 26 63 31 1 31 18 50 
16 24 29 50 103 || { 
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Table TX shows that in row 16, where the adult females were liber- 

ated, the total number of borers for the three years was greater than 
in any other row of the orchard. It shows also that a few rows on 
each side of row 16 contained considerably more than the average 
number of borers for the other rows of the orchard. 

In 1915 nine female and several male beetles -were liberated on 
row 29, <A later examination showed that this had resulted in the 
greatest number of borers occurring in row 29, the central rows of 
the orchard having this year the fewest borers. 

The results shown in Table IX and the distribution of the borers 
found in 1915, when the females were placed on row 29, are set forth 
graphically in figure 4. 

eee Number of rows 
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Fic, 4.—Saperda candida. Diagram showing tendency of female beetle to refrain from 

long flights during oviposition. A, Number and distribution of borers found in or- 

chard after liberating 124 female beetles during three separate years on row 16. 

B, Number and distribution of borers found after liberating 9 females on row 29. 

All the foregoing data on the flight of the female point to a con- 
stant tendency on her part to deposit eggs near the place of her de- 
velopment. They also afford good evidence that the female beetle 
is capable of flights of considerable distance when impelled by any 
special desire. 

In one case when a female was liberated in the manner described 
above, she immediately took wing and arose to a height of 30 or 40 
feet and then disappeared in the direction of a tract of woods about 
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500 yards distant. That such flights are unusual, however, is indi- 
cated by all the evidence that could be gotten. 

FEMALES LESS PRECOCIOUS THAN MALES. 

The females are not only less active in flight and more sluggish 
generally than the males but are regularly two or three days behind 
the males in issuing from their pupal quarters in the wood. This 
constant tendency on the part of females to be slower than the males 
in emergence is illustrated by figure 5. 
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Fic, 5.—Saperda candida. Diagram illustrating the relative time of emergence of male 

and female beetles. Based on 261 males and 206 females that issued under natural 

conditions at French Creek, W. Va., in 1914, 1915, 1917, and i918. 

SEASONAL PHENOMENA OF THE HOST TREES AS AN INDEX TO 
THE TIME OF DEVELOPMENTAL CHANGES OF THE INSECT. 

Since this borer occurs in North America from southern South 
Carolina and Texas northward into Canada the calendar dates of its 
metamorphic changes in different latitudes must vary considerably. 
There must also be a considerable yearly variation in the dates of 
these changes in any given locality, due to the early or late advent of 
spring. — 

In the rearing work with this species it was found that between 
Demorest, Ga., and Winthrop, Me., there was a difference in time of 
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emergence of the first beetles of about 40 days. On Grand Island, 
in northern Michigan, the first beetles appeared 75 days after the 
date of the first appearance in Georgia. In the several years during 
which beetles were reared at French Creek, W. Va., there was a 
variation of 13 days in the dates of the first adults to issue. Calendar 
dates are therefore of little value in expressing the time when a 
given metamorphic change of the insect takes place. It was found, 
however, that the time of certain transformations and activities of 
the borer may be anticipated or determined very conveniently by 
observing the definite annual steps in the development of foliage, 
flowers, and fruit of the apple and other trees upon which the insect 
lives. 

The first blossoms to appear on apple follow closely the first 
activities of the borers in the spring and it is just in advance of 
apple blossoming time that the first fresh castings thrown from 
trees by borers may be looked for. Also, the blooming time of apple 
corresponds quite definitely with the pupal period of the insect. The 
oviposition time of the beetles begins with and extends somewhat 
beyond the ripening season of the fruit of the service tree. These 
rules hold good in a general way for all latitudes and altitudes and 
for early and late springs. 

The following field notes arranged in Table X indicate the coin- 

cidence of these events in a number of different localities: 

Taste X.—Indicating the correspondence in time of certain developmental 

changes in the roundheaded apple-tree borer and its host trees. 

Locality. Date. Field note. 

Frenchton, W. Va....------ Apr. 27,1914 | Blossoms of York Imperial and Maiden Blush one-half open. 
One pupa of 8. candida found. 

Weston, W. Va..-:-.:-2.2 2. Apr. 28,1914 | Apple treesin full bloom. More than half the transforming 
borers have pupated. 

Great Cacapon, W. Va.....- May 5,1914 | Apples alittle past full bloom. About 25 fresh pupe of S. 
candida collected. 

Pickens; Wis Vile seciecic series May 20,1914 a ree ours the apple petals off. Maturing borers all in 
pupal stage. 

Winthrop, Mes. s.--222 June 22,1914 | Apple blossoms have been off 2 weeks or more. Pupz of S. 
candida still present. A few have issued. 

Gadsden, Ala.2....222<..02 Apr. 29,1915 apple Petals have been off 6 days. One pupa of S. candida 
ound. 

Memorest; Gaia ceescose ese May 1,1915 |} Apple trees just past full bloom. All maturing S. candida in 
pupal stage. 

Biltmore; NVC.255. veeesncse May 4,1915 Do. 
French Creek, W. Va....... Apr. 20,1916 | First apple blossoms opened to-day. Half the transforming 

borers have pupated. 
DO Seneca neces seen Apr. 25,1917 | First apple blossoms opened Apr. 22. _ All maturing borers 

have pupated Apr. 25. 
ID OS S54 cccsaseekeeeess Apr. 27,1917 | Borers in apple threw out first castings a few days in advance 
a i of first apple blossoms. 

Munising, Mich.......2..... June 20, 1917 | First apple blossoms opening. About a dozen fresh pupe of 
S. candida found. 

French Creek, W. Va......- Mar. 26,1918 | Apple buds showing first pink. Fresh castings first appear- 
ing from 1-year-old borers. 

HD) Oe See eet ss eee May 15,1918} Last petals falling from apple. Transforming borers all pup 
except one male which has changed to beetle. : 

DO; mes sees se sccicecices June 13, 1914 | First fruit of service ripened May 29. First eggs of S. candida 
June 4. Fruit of service overripe June 13. Egg laying of 
S. candida at height June 13. 

$A 
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NATURAL ENEMIES. 

Possibly no other economic insect of equal importance has had so 
few natural enemies recorded definitely and specifically as has the 
roundheaded apple-tree borer. In all the literature upon this borer, 
there seems to be only one original reference to such an enemy, this 
being the single instance of the hymenopterous parasite Cenocoelius 
populator Say, reared about 30 years ago by Riley and Howard 
(38, p. 59) from borers of this. species received from Indiana. Felt 
and Joutel (6) state that an undetermined carabid larva was found 
preying on the borers by Walsh and Riley, and practically all ob- 
servers have noted that woodpeckers are an important enemy, 
although in no case is the specific identity of the bird or birds 
established, so far as the records show. 

In rearing and handling many thousands of the borers in various 
localities the writer has never found any evidence of hymenopter- 
ous parasites. In two instances undetermined carabid larve were 
found devouring young borers in West Virginia and another half- 
grown borer was found that had been killed by a hairworm, sections 
of the worm being found in the burrow entwined around and within 
the dead and shriveled body of its host. A large spider was seen 
to pounce upon and bite in the back a female beetle that had just 
issued from her exit hole in a tree. In an effort to rescue the beetle 
the spider was crushed beyond recognition. The beetle died a few 
hours later from the wound. 

WOODPECKERS. 

While the control effect of parasites and predacious insects on this 
borer is negligible, woodpeckers play an important part in holding 
it in check. Wherever the writer has collected specimens or made 
observations in borer-infested localities the work of these birds has 
always been in evidence. Soon after the borers hatch the wood- 
peckers begin to find them beneath the thin covering of bark and 
thereafter the birds drill for them as long as they are in the tree. 
In several orchards where counts were made from 50 to 75 per cent 
of the borers had been destroyed in this way. 

During October, 1915, 24 young borers were collected and planted 
in furrows gouged out of the wood beneath loosened tongues of 
bark on the trunk of an apple tree. A week later, when the tree was 
revisited for the purpose of putting a wire screen around the trunk 
to protect the borers from birds, woodpeckers had punctured every 
tongue of bark and removed the borers from beneath. Not one had 
escaped. In May of the same year, while pup were being collected 
from an orchard, a total of 11 pupal cells were found and from every 
one the occupant had been removed by woodpeckers. In another case 
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21 pupal cells were found, 19 of which had been opened by wood- 
peckers and the insects removed. 

During the winter of 1915 the writer had standing near his office 
window a young apple tree in which there were known to be three 
borers ready to pupate the following spring. The borers had been 
protected previously by a wire screen but now the screen was 
removed. On December 21 a male downy woodpecker, Dryobates 
pubescens medianus (Swains), was observed to alight on the base of 
the trunk and move about alternately tapping the bark and assuming 
a listening attitude. Presently, with a.few vigorous strokes, it drilled 
through the bark at the point where the future exit hole of a beetle 
was to have been and at once drew forth and swallowed a large borer. 
(Pl. V,B.) A minute or two later it located a second borer, disposed 
of it in the same way, and then flew away without further search. 
Again, in January, 1916, the trunk of a young apple tree known to 
fan full grown inane was planted in a natural position near the 
same office window. A few days later a pair of downy woodpeckers 
came to the tree and after a brief search the female was seen to re- 
move and swallow a borer. A little later the male found and re- 
moved another. The birds would move about over the trunk tapping 
lightly with their beaks until the quarters of a borer were located. 
Then with a few sharp strokes they would penetrate to the burrow 
and remove and devour the insect. The female bird located and 
removed her specimen through the partly prepared exit hole in less 
than a minute, but the male drilled industriously for his nearly five 
minutes, making during the time several openings into the wood 
which nee in a line over the burrow made by the borer in 
ascending the trunk to prepare-its pupal chamber. ' 

Other observations were made which indicate that the hairy 
woodpecker, Dryobates villosus villosus (L.), also destroys the borers, 
but this bird was not seen in the act of removing the insects from the 
tree. 

METHODS OF CONTROL. 

Ever since the roundheaded apple-tree borer was first recognized 

as a serious orchard pest, two principal ways of combating it have 
been advocated: First, the worming process, in which the borers are 
removed from their feeding places in the tree by the use of a knife 
and other tools (Pl. CX, B) ; and, second, the covering of that portion 
of the trunk of the tree where the eggs are most frequently laid with 
some protective wash, paint, or mechanical device which will act as a 
barrier against the female beetles during oviposition. Both of these 
methods are commonly practiced in orchards and have been the lines 
of most frequent and extensive experimentation by investigators of 
borer injury and control. In the present studies, modifications of 
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these two methods have received special consideration. Tests were 
made of the effects of penetrating liquids of an irritating or poison- 
ous nature when applied to the bark beneath which borers were 
feeding, of gaseous and poisonous liquids injected into the bur- 
rows, of sticky substances applied to the trunks of trees for the pur- 
pose of entangling the adults during their egg-laying activities, and 
of killing the adults by the use of poisonous sprays. Studies were 
made also of the distance which female beetles may fly in search of 
trees in which to oviposit, with the idea of determining the possi- 
bility of preventing the infestation of orchards by destroying near-by 
breeding places. These various tests are described in detail below 
under their various headings. 

WORMING. 

The labor of removing borers from trees with a knife and wire is 
not relished by the majority of orchardists, and yet the difficulties 
and expense of the task are less than in many other necessary opera- 
tions in dealing with insect and fungous enemies. Two men, on an 
average, with an insignificant expenditure for tools and material, 
should worm 500 trees in a day and obtain as high a percentage of 
control as ordinarily results from a spraying operation against the 
codling moth or San Jose scale. Not only does a thorough worming 
of an orchard rid the trees of the borers present at the particular time 
but it insures a decreased number of borers for the following one or 
two years. As is shown on pages 20 to 24, by preventing adult borers 
from developing within and adjacent to an orchard a reduction may 
result of about 75 per cent in the number of borers that will attack the 
orchard the ensuing year. 

The process of worming is well understood; the best tools for the 
purpose being a garden trowel for removing the earth and litter 
about the trees, a pocketknife with a long, sharp blade, a narrow 
chisel for securing borers that have penetrated deep into the wood, 
and a piece of slender wire (P]. IX, B) about a foot in length with a 
sharp hook bent at one end and a tag or bit of conspicuous cloth at- 
tached to the other end to safeguard the wire against loss. These 
tools may be carried conveniently in a small fruit basket. The 
writer found that worming can best be done by two men working 
together on opposite sides of the tree. With a little practice, one 
becomes quite adept at locating burrows and hooking the borers 
from their retreats. After a little skill has been acquired the chisel 
will have to be used only on rare occasions when deep burrows in the 
wood are found to be so crooked that the wire on being inserted will 
not follow the openings. 
Worming should be done as soon as possible after the last eggs 

of the year have hatched, as young larve usually feed rapidly and 
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often injure small trees severely the first season. The proper time 
for the autumn worming varies two months or more between the 
southern and northern limits of the insect’s range, and no definite 
date can be given. which applies to all localities. A safe rule is to 
have the worming job over before the time arrives for gathering the 
first winter apples. The borers continue to injure the trees during 
warm weather of late autumn and early winter, often ejecting their 
castings in the latitude of West Virginia as late as December 1. 
Jt is best to prevent all possible injury by getting the worming done 
previous to the press of apple-picking time. Trees should have a 
second worming in the spring soon after the blossoming time of the 
apple, as it is practically impossible to secure all the borers at one 
examination. Borers are usually easy to locate by their fresh cast- 
ings soon after apple trees bloom. (PL VII, B.) 

At present no cheaper or more effective method of combating this 
borer is known than that of worming. In order to get best results, 
however, the work in the orchard must be done thoroughly, and 
near-by breeding places, such as scattering growths or clumps of 
apple, wild crab, mountain ash, hawthorn, and service trees elimi- 
nated either by destroying the trees or by worming. Many orchards 
are wormed thoroughly every year, and just as regularly beetles de- 
veloping in adjacent trees fly over the fence and provide annually 

for other generations of borers. For most effective control, there- 
fore, the worming operation should include not only the orchard 
but the trees of the locality immediately surrounding the orchard in 
which borers breed, and the trees should be examined twice annually, _ 
first in late summer after the egg-laying season is past and again 
in the spring after the blossoming time of the apple. 

WASHES, PAINTS, AND MECHANICAL PROTECTORS. 

Various materials and devices have in the past been applied to the 
trunks of trees, either to prevent the female beetles from getting at the 
bark to oviposit or to kill the borers while feeding in the bark or wood. 
For preventing oviposition protective coverings, either of a liquid 
or mechanical nature, have been tested, and, for killing the borers, 
penetrating poisonous or irritating liquids have been recommended. 
In the present investigations about 50 kinds of washes, paints, and 
mechanical devices were tested as to their effectiveness in preventing 
egg laying and for killing the borers within the trees. Many of these 
materials were homemade or homemixed and many others were 
commercial products purchased either from the manufacturers or 
on the market. Nothing in the way of trunk protectors was tested, 
however, that gave satisfactory results in all cases. Some applica- 
tions afforded full or a considerable measure of protection against 
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ROUNDHEADED APPLE-TREE BORER. 

A, Beetle gnawing bark from apple branch. B, Tools for use in worming trees. C, Apple branch 
denuded cf bark by beetles. 
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ovipositing females but could not be applied safely to trees on account 
of the injury to bark or wood. All degrees of tree injury were ob- 
tained, consisting of a slight yellowing and dropping of the leaves, 
checking of growth, roughing and cracking of the bark, rank growth 
of water sprouts, and killing outright. Some forms of protectors 
caused the beetles to lay their eggs higher up the trunk than is the 
custom, the only apparent advantage in their use being that. the re- 
sultant borers were easier to get at in the worming process. Some, 
other materials, such as white-lead paint, gave excellent results in 
certain cases, and in others where the same material was used in 
the same way, the female beetles bit through the coat of paint and 
deposited eggs freely in the bark beneath. In practically all cases, 
the time and expense required to make and apply protectors of this 
entire class are greater than those called for in the worming opera- 
tions, and the results in controlling the borers are less satisfactory. 

PROTECTORS USED AGAINST OVIPOSITING BEETLES. 

Since a large proportion of the eggs of this borer are normally 
deposited within the bark of a limited space just above the ground, 
it would seem a simple matter to cover or protect in some way that 
part of the trunk so as to force ovipositing females to go elsewhere 

_ to lay their eggs. A considerable number of such protectors were 
tried over a series of years in a young apple orchard of a thousand 
trees planted for experiment purposes at Elkins, W. Va. The or- 
chard was set in rows of 31 trees each, and most of the materials 
were applied to trees of a single row, leaving the trees of an adjoin- 
ing row untreated to be used as checks. In every case where paint- 
like materials were used for more than one year fresh applications 
were made annually. This was necessary for the reason that the 
growth of the trees caused all substances to crack and expose areas 
of the bark. The results of several of these tests are given below 
in Table XI. ° 

Table XI shows that a considerable measure of control was ob- 
tained by most of the protectors used. None, however, was entirely 

satisfactory in every respect. 
In addition to the protecting materials mentioned in Table XI, 

a large number of others were tested. ‘These included proprietary 
and commercial products in the form of paints, soaps, tar products, 
whitewash combinations, viscous substances, nicotine washes, and 
paper and metal contrivances, all intended to keep the female beetles 
away from the bark either by offering mechanical barriers or by 
making approach to the bark so difficult or disagreeable that they 
would go elsewhere to oviposit. None of these was without objec- 
tionable qualities, either from the high cost, injury to trees, or 
lack of effectiveness in keeping out the borers, 
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A series of tests were made with applications of casein and glue 
in varying combinations with gypsum, paris white, china clay, sylex, 
barytes, zinc white, and other pigments, but none of the materials had 
sufficient lasting qualities to recommend them. 

WHITE-LEAD PAINT. 

Nothing in the foregoing line of protectors gave better results 
from every standpoint than white-lead paint. As is shown in Table 
XI, three forms of this paint were used, one in which the lead was 
mixed with boiled linseed oil, one with raw linseed oil, and one 
ready-mixed paint purchased on the market. The first two mixtures 
were applied annually to 31 trees each for six years and the last to 
31 trees for four years. At the end of the periods none of the trees 
showed any injury, growth being normal and comparable in every 
way with that of check trees growing in adjacent rows. The total 
number of borers found during the entire periods of treatment in the 
trees painted with white lead was 67, the number found in an equal 
number of check trees during the same period being 258. ‘This shows 
for the paint a control efficiency of 74.3 per cent. 

In one test of paints a large wire-screen cage was built over a 
clump of 15 4-year-old apple trees in a neglected nursery row. 
Three of the average-size trees were painted at the base with white- 
lead paint, 3 with a proprietary tree paint, and 9 were left untreated. 
As soon as the paint was dry, 7 male and 7 female beetles that had 
just issued from apple wood were confined in the cage. At the end 
of the season an examination showed that 193 eggs had been laid by 
thé 7 females, every egg being in the 9 untreated trees, the paints 
showing 100 per cent efficiency in control. The same season a 
female beetle that was ready to oviposit was removed from a cage 
and placed on the trunk of an apple tree in the orchard that had 
been treated with white-lead paint in the same way as those in the 
cage. When liberated the female at once crawled up the trunk to a 
point above the paint, made a slit in the bark, and deposited an-ege. 
She then moved down near to the ground, and, with no apparent 
difficulty, bit a hole through the paint, made the oviposition slit in 
the usual way, and placed an egg in the opening. These and other 
observations showed that the beetles can very easily oviposit through 
the paint but prefer to place their eggs in the natural bark. 

It was very noticeable that some of the borers hatching from eggs 
deposited beneath a coat of white-lead paint were at first affected 
deleteriously by the oil which penetrated into the bark. They were 
slow in getting a start, fed but little, and, in a few cases observed, died 
within a few weeks after hatching without having made any per- 
ceptible growth. Others that were able to burrow deeper into the 
tissues, beyond the effect of the oil, grew and developed normally. 

a 
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Considering the ease with which white-lead paint can be procured, 
the nominal cost of applying it, its noninjurious effect upon the tree, 
its frequent deterring effect upon the young borers, and its degree 
of efficiency in preventing oviposition in the tree, the observations 
of the writer indicate that where protectors of this general class are 
desired this paint is preferable to other materials. Such paints or 
protectors as are described above should be applied to the lower 
portions of the trunks of trees soon after the blossoming time of the 
apple. 

APPLICATIONS FOR KILLING BORERS IN THE TREE. 

Various attempts were made to kill the borers, especially while they 
were young and near the surface, by applying penetrating poisonous 
and irritating liquids to the bark. With the same object in view, 
gaseous liquids were also injected into the burrows of larve in all 
stages of development. The details of several of these treatments 
follow. 

NICOTINE SULPHATE. 

In September, 1918, 26 apple trees infested with roundheaded 
apple-tree borers were located, all the burrows opened with a knife, 
and about a teaspoonful of 40 per cent nicotine sulphate, at a strength 

of 1 part to 20 parts of water, injected into the opening with a medi- 
cine dropper. In all, 67 burrows were treated. An examination 
made a month later showed that 26 small borers had been killed and 
41 of all sizes were alive and active. It was apparent that where the 
liquid had come into direct contact with the borer death resulted, but 
where the liquid did not reach the insect no effect was discernible. - 
In another test 29 burrows were treated in a similar manner with 40 
per cent nicotine sulphate undiluted. A later examination showed 
that 21 borers were killed and 8 were uninjured. Of those killed all 
except one was of small size and all had apparently been doused - 
with the liquid at the time of the application. 

In making the opening into the burrow through which to inject 
the liquid, care had always to be exercised to avoid killing the smaller 
borers with the knife. The results of the tests showed that this treat- 

-mént is impracticable. Further data regarding the effect of nicotine 
sulphate upon the borers when applied to the bark of infested trees 
are given in Table XII (p. 38). 

CARBON DISULPHID. 

Tests were made of the practicability of using a veterinary hypo- 
dermic syringe and needle for injecting carbon disulphid through 
the bark into the burrows of the borers. Considerable difficulty was 
encountered in inserting the needle, and especially in determining 
when the point of the needle was in proper position for the dis- 

. 
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charge of the liquid. About 30 burrows were treated in one test 
_and a subsequent examination showed that most of the borers had 
been killed by the resultant gas. The bark, however, was injured 
by the treatment. Where the liquid was injected into shallow bur- 
rows and came into contact with considerable areas of the inner 
bark more injury was done the tree than usually results from the 
direct work of a single borer. 

Carbon disulphid can be injected with good results and with no 
apparent injury to the tree, into burrows that extend deep into the 
wood. Borers that penetrate beyond the reach of knife and wire 
can often be killed by discharging a little of the liquid into the open 
burrow and then plugging the opening with moist clay or some 
other substance. For injecting the liquid into such galleries, nothing 
is better than a medicine dropper with a curved point. 

KEROSENE. 

In September, 1914, 29 apple trees infested with roundheaded 
apple-tree borers were treated with kerosene, the liquid being ap- 
plied liberally to the bark with a paintbrush over the regions where 
the borers were feeding. Four weeks later the trees were examined 
and 64 borers removed. Of these, 25 were dead and 39 alive. Severe 
injuries to the cambium and bark were beginning to show. A year 
later two of the treated trees were dead as a result of the oil appli- 
cation and others had large dead areas near the ground and around 
the base of the roots. 

The conclusions derived from this test were that kerosene applied 
to the surface does not penetrate through the bark in sufficient quan- 
tities to kill all the borers and that its use in this way is dangerous 
to the health of the tree. 

SODIUM ARSENATE WITH MISCIBLE-OIL CARRIER. 

Late in the summer of 1918 a 10 per cent solution of sodium 
arsenate was mixed with a miscible-oil carrier and applied with a 
spray pump to the trunks of infested apple trees. The treatment 
was applied to 15 trees that averaged about 4 inches in diameter 
and contained borers of various ages and sizes. Early during the 
following spring the borers were removed from the trees, 28 speci- 
mens being obtained. Of these, 2 were dead and 26 alive and active. 

~ It could not be determined whether the two had died as a result 
of the treatment or from some other cause, and the treatment was 
considered of no practical value. 

TESTS OF OTHER PENETRATING LIQUIDS. 

In the summer and fall of 1917 a number of different penetrating 
liquids were used on infested apple trees in the experiment orchard 
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at Elkins. The liquids were apphed with a paintbrush to the lower 
portion of the tree trunks as soon as it could be determined that all 
of the eggs of the season had hatched. The applications were made 
on August 16 to 17, and the trees examined for results 8 weeks later. 
The results of the treatments are set forth in Table XII. It should 
be borne in mind that all the borers considered in the table were 
newly hatched individuals that were feeding beneath only a thin 
layer of bark. 

TABLE XII.—£ijfect upon newly hatched roundheaded apple-tree borers of vari- 

ous liquids applied to the bark over the regions where they were feeding. 

Number Number of borers found— 
of Per cent 

Material used. tras © |e = =| a ee 
= 4 ciency. 

treated. | Alive. Dead. Total. 

Nicotine sulphate, 1 part to 10 parts of water.......- 60 26 20 46 43.5 
Nicotine sulphate, undiluted...........- Se 60 13 53 66 80.3 
Raw linseed Os 2s2- 495% Soest eae eee eee secine 60 22 16 38 42.1 
Standard kerosene emulsion ......-22.-.--.-.-.----.- 60 28 28 56 50 
10 per cent solution sodium arsenate, mixed with 
equal part of kerosene emulsion..........-..------ 60 15 31 46 67.4 

Tt will be seen from Table XII that many borers may be killed by 
saturating the bark over where they are feeding with irritants and 
poisons of a penetrating nature, provided that the treatments are 
applied while the borers are still small and feeding in shallow bur- 
rows. All the materials used in the foregoing test killed a consid- 
erable number of borers, the undiluted nicotine sulphate giving best 
results. None gave complete control, and it 1s a question whether 
their use would be justified in orchard practice. Trees so treated 
would have to be gone over and wormed subsequently in order that 
entire freedom from borers might be assured. 

SPRAYING WITH ARSENATES TO KILL THE ADULTS. 

Feeding on the exposed surfaces of the apple and other host 
trees seems to be a general habit of the beetles. The bark of twigs 
and leaf stems and the tissues of the leaf are eaten. (PI. TX, A, C.) 
Beetles were often observed manducating castings thrown out from 
the trees by larvee, evidently for the moisture which the castings con- 
tained. The bark and leaf surface eaten away by one female totaled 
6.9 square inches. This feeding habit suggests the use of poison 
sprays as a possible means of killing the beetles. In one small-scale 
experiment six newly emerged beetles were killed by applying a lead- 
arsenate spray to the foliage of a small apple tree over which they 
were caged. All died before the females were ready to oviposit. 

In extreme cases of infestation it would probably be profitable to 
apply arsenical sprays to young apple orchards. primarily for the 
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destruction of beetles of this species. Such sprays should be applied 
about 10 days after the blossoms have disappeared from apple trees 

and should consist of 4 or 5 pounds of lead arsenate paste to 50 gal- 
lons of water, or of the equivalent of this strength prepared with 
some other insecticidal poison. When trees reach a bearing age, 
the so-called first codling-moth spray will serve also to kill the beetles 
of the roundheaded apple-tree borer. 

SUMMARY. 

The roundheaded apple-tree borer is a native American insect 
that has been recognized as a serious pest of the apple, pear, and 
quince since the early days of orcharding in this country. 

it occurs in the United States and Canada over most of the apple- 
growing region east of the Rocky Mountains. 

In addition to the cultivated fruits named above, it breeds also in 
such wild trees as wild crab, hawthorn, mountain ash, and service. 
These native trees growing in woods or neglected fields often serve 
as centers in which the adults develop and from which they fly to 
near-by orchards to deposit their eggs. 

In the woods and in orchards the insect is inclined to colonize, 

families or communities living in the trees of somewhat restricted 
localities. Often infestation in an orchard or in native woods will be 
confined for years to rather definite areas or spots. This habit is due 
largely to the inclination of the adult female to deposit her eggs near 
the place where she developed. 

The common belief that borers of this species prefer to attaclx 
trees planted in new ground, in hilly situations, or in certain kinds 
of soils probably arises from the fact that such situations favor a 
more abundant growth of the native host trees of the insect. In 
these wild trees many adults develop and cause serious infestation 
of adjacent orchards. 

About 95 per cent of the eggs from which the borers hatch are 
deposited in the bark within a few inches of the ground. The incu- 
bation period is about 16 days. The borers feed in the bark and wood 
for from one to four years and finally pupate at the end of an ascend- 
ing gallery which extends up the trunk from a few inches to approxi- 
mately 2 feet above the ground. 

The burrows made in the bark and wood are broad and irregular 
in form. Often several borers work close together, as many as 25 
or 30 having been found in a single tree. Infested trees become 
sickly in appearance. They are inclined to bloom freely and set 
heavy crops of fruit, but often die in an attempt to bring the crop to 
maturity. Young trees suffer most but trees of all ages are attacked. 
Trees of an orchard standing near woods are more likely to be in- 
jured by borers than those more distant from the woods. 
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Tn depositing her eggs the female beetle makes a slit in the bark 
with her mandibles and then inserts her ovipositor and places the 
egg between the bark and wood or between layers of the bark. About 
% or 10 minutes are required for the deposition of a single egg. Usu- 
ally from 2 to 5 eggs are laid at a time. Probably all eggs are de- 
posited by day, and the female in ovipositing shows a slight prefer- 
ence for the sunny or exposed side of the trunk, 65 per cent of the 
eggs being found in one case on the exposed side of the tree. In the 
latitude of West Virginia, the average number of eggs deposited by 
a single female is apparently from 20 to 30. Oviposition in a given 
locality extends over a period of from 50 to 60 days. 

The larvee begin to feed immediately after hatching and usually 
grow rapidly the first season. Feeding is continued until cold 
weather and is resumed again in the spring shortly before the blos- 
soming time of the apple. The larva may spend from one to four 
years in the tree, this stage being of longer duration in the North 
than in the South. At French Creek, W. Va., 85 per cent of the 
larvee remained in the trees two years before pupation, and 12 per 
cent three years. At Winthrop, Me., 25 per cent remained in the 
tree three years and 75 per cent four years. 

The pupal stage lasts about 20 days and the period is about coinci- 
dent with the blossoming time of apple. After changing to beetles 
the insects remain in the pupal chamber for from 5 to 10 days and 
then gnaw a circular hole through the bark at the upper end of the 
chamber and escape. The beetles appear in the South earlier than in 
the North. Between Demorest, Ga., and Munising, Mich., there was 
a difference of 75 days in the dates of the emergence of the first 
beetles. At French Creek, W. Va., beetles issued from the wood 
during two different years over a period of 30 days. Other years the 
period was shorter. May 12 was the earliest date for the appear- 
ance of a beetle in any year at French Creek, and June 23 was the 
latest date. A few beetles lived 60 days after issuing. 

Pairing may take place at once or may be delayed 10 days after 
emergence. Eggs are laid soon after pairing. In an apple orchard 
containing 310 King, 341 Grimes, and 341 York Imperial trees, the 
Grimes were most severely attacked in four out of five years, nearly 
50 per cent of all the eggs being laid in Grimes trees. This could 
be accounted for in no other way than that the borers showed a 
preference for this variety. 

Experiments showed that the female beetles during oviposition 
are capable of flying to a considerable distance, but that they prefer 
to place their eggs in trees near the place where they themselves have 
developed. By preventing the development of adults in the orchard 
trees and in other trees growing within from 300 to 600 feet of the 
orchard, subsequent infestation was reduced 78.6 per cent. 
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The borers have few insect enemies, but woodpeckers play an im- 
portant part in holding them in check. The downy woodpecker was 
observed removing borers from trees. 

No easier and cheaper way of controlling borers was found than 
the old method of worming trees. The worming should be done as 
soon as possible after the last eggs of the season have hatched, and 
should be repeated in the spring following the blossoming time of 
apple trees. Worming can be done most effectively by two men work- 
ing together on opposite sides of the tree. In this practice emphasis 
is placed on the importance of removing all breeding centers within 
or adjacent to the orchard. 

Paints and various other kinds of tree protectors were used to 
prevent the adult females from ovipositing in the bark. Nothing of 
this nature was found that surpassed common white-lead paint in 
cheapness, ease of application, and effectiveness in controlling the 
borers. Young apple trees painted once annually for from four to 
six years showed no injury and the treatment gave a control efficiency 
of 74.3 per cent. 

Various attempts to kill borers were made by applying to the bark 
of infested trees penetrating liquids of a poisonous or irritating 
nature. Nicotine sulphate, kerosene, kerosene emulsion, sodium arse- 
nate in a miscible-oil carrier, and linseed oil were among the ma- 
terials tested. None of these was effective on large borers that had 
penetrated deep into the tree, but most of them killed a considerable 
percentage of young borers that were still feeding in shallow burrows. 

The beetles feed rather freely upon leaves and the bark of twigs. 
Tests made indicate that it is possible to kill the beetles by spraying 
with arsenicals. Sprays for this purpose should be applied to young 

_ orchards within 10 days after apple blossoms have disappeared. In 
bearing orchards what is known as the first codling-moth spray will 
be effective also against the adults of the roundheaded apple-tree 
borer. 
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INTRODUCTION. 

This bulletin presents the results of a study of the organization of 
small farms in the vicinity of Washington, D. C. Information was 
obtained regarding the important and outstanding farm practices 
followed on 152 small farms, and an analysis was made of the busi- 
ness of each of these farms to find out the amount of capital used, 
the kind and quantity of crops raised, the kind and amount of live 
stock kept, the nature and volume of receipts, the expenses incurred, 
the returns realized, and other facts bearing on the organization and 
operation of these farms. 

In this study only those men were interviewed who depended on 
the returns from their farms as their main source of income. It was 
an economic study of farming on small areas in which each operator 
devoted most of his time to labor and supervision on the place. Men 
who had a regular occupation away from the farm and spent only 
evenings, holidays, and vacations on their farms were not included, 
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as their work was manifestly not comparable with that of men who 
worked regularly on the farm and could give close supervision to 
the different farm operations. Not many colored operators were 
found in this area and none was interviewed. 

The data presented apply to the crop year 1916. The general con- 
ditions, as affecting yields of crops and prices, were fairly normal. 
The effects of the European War were not sufficiently felt at this 
time to change materially the profits in farming or management of 
farms in this region. 

SUMMARY OF RESULTS. 

The small farms visited in this survey were all devoted to truck- 
ing or market gardening. Over 50 per cent of their total crop area 
was devoted to vegetables and fruits, and 90 per cent of the receipts 
were from this source. 

The average labor incomes realized, according to size of farm, were 

as follows: 
Labor incomes. 

# ; : Farm | Tillable Labor 
Number of farms. area. area. income. 

Acres. Acres. 
(ee ea A 11 6 $131 
Diese 2 see 21 13 223 
Oe a2 Ae eae carte 39 23 668 
DLE cin crepes Seiearvaqene 57 35 1, 147 

Land values are high for farming purposes. In most instances 5 
per cent of this value exceeds the renting value of the farms. The 
landlords of the rented farms realized an average of only 2.9 per 
cent on investment. 
Twenty to thirty per cent of the crop area is double-cropped. 

Labor incomes are materially increased by double-cropping, since 
thus the same equipment handles more acres of crops than in single- 
cropping and the production per acre is increased. Double-cropping 
is equivalent to increasing the average of cropped land. Intensive 
farming is necessary for success on small farms. . 

The farm produce is disposed of by hauling it to the city and sell- 
ing it either at the public market stands (wholesale or retail) or 
through commission men. 

Twenty-four farms, or 16 per cent of those studied, were operated 
by tenants. Twenty of the tenants paid a cash rent and the other 
four gave a share of the crops as rent. Thirty-six owners rented 
additional land and, in general, increased their profits thereby. 
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DESCRIPTION OF AREA. 

Most of the farms visited were located in Prince Georges County, 
Md., or Fairfax County, Va. A few were in the District of Colum- 
bia. The farms in Maryland and Virginia were in the districts 
close to or adjoining the District of Columbia. The most distant 
farms were 14 miles from the Washington Center Market. None but 
small farms were visited. 

The basic data for this bulletin apply only to the 152 farms cov- 

ered in this study. 
SOILS AND TOPOGRAPHY. 

The predominating type of soil in the Maryland area is Leonard- 
town loam,’ with small areas of Windsor sand and Susquehanna 
gravel. These soils are of the same geological formation. Leonard- 
town loam is a heavy type of soil and is silty rather than clayey in 
texture. It is capable of retaining considerable moisture during the 
entire growing season. Windsor sand is a medium to coarse sandy 
soil, containing a small amount of fine gravel. This soil is loose and 
friable and does not hold moisture well. Susquehanna gravel is dis- 
tinctly stony or gravelly and is unsuited for ordinary farm crops. 
These two poorer soils usually constitute only a part of the farms in 
this area. The topography of the region is rolling to hilly. 

In the Virginia area the farms were located largely on the Chester 
loam. soil. This soil is a loam or silty loam that works up easily 
into a mellow, friable seed bed. It is well drained. 

RAINFALL AND TEMPERATURE. 

The rainfall for the year 1916 in Washington, D. C., was 38 inches, 
which was 5 inches less than the average. The rainfall for June and 
July, however, was above normal for those months. The season was 
cool, but there was abundant rainfall for the early summer vegetables 
and fruits. The month of August was dry for the late summer crops. 
The last killing frost in the spring was on April 11, and the first in 
the fall on October 1. 

KIND OF FARMING. 

The main business of the small farmers visited in this survey was 
raising vegetables and fruits for the local market. (See Table I.) 
The distribution of receipts, which is shown in a later table, indicates 
that about 90 per cent of the receipts were from crops. 

1Soil Survey of Prince Georges County, Maryland, U. S. Dept. of Agriculture. 

2 Soil Survey of Fairfax and Alexandria counties, Virginia, U. S. Dept. of Agriculture. 
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TaBle I.—Average distribution of crop area on 152 small farms near Washing- 
ton, D. C. 

Tillable area (per cent of total crop area). 

10.acres | 11 to 20 | 21to30 | Over 30 
andunder| acres. acres, acres. 

Field crops: 
GOTT ee Pe eh ace a 10. 2 6.6 17.3 | 19.2 
Lays eee ree a eed a eee ey La Aid Se 11.4 12.8 1722 20.6 
Grain Seo aoe Jo cet hee owc ot tba ato miseeneee Sees: 28a see ao 2 4.0 | 3.7 

TPOba GS ese we ee ee ee Sia, oe oo ee 21.9 19.6 38. 5 43.5 

Vegetables: | 
POUSTOGS So cee = ens ea See eee ee Pease alias 13.5 12.1 | 10.7 
SEE G GOTT eye 5 eee ee een Se ae ee 8.9 5.7 7.5 8.6 
PPOMBbOCS? 222 Aas Sue = Beer ee aoe a I cima kee 6.8 8.1 | 3. 8 | 4.0 
Spinach. 2: 6as ee Bie ete eee eee. Sie ee 2.9 5.1 3.5 | e285) 
DWC POLALOCS: sae ce cme ee eee 45) eee cnc ee ua ceeeraeite 2.8 5.2 2. 8 | 3.1 
ERPS gaan ee errno ene eee eee ree 3.5 5.8 2.9 | 2:1 
See has, te Se ee ee eae a eee 3.1 | 4.8 2.8 2:2 
SULIN 2 (DCanS ses he alee mie oat ont See Sie 5.7 3.7 2.4 | 2.5 
@antalouper. 2 ete. 2s ae tee snes Sen es ees) 3.2 2.1] 2.0 
i EVE an a i ee Se ee ote aoe IE Rar ae eRe 5 Been ay Apr S 3.5 2.6 1.4 | iE al 
Gap bace Sato oe a es 4c ee eee ee ee 1.5 2.3 2.2 att 
Lima beans........-. Be oS rere epee ore 2 SS ee ee 4.2 2.0 1.2 eT 
WEG hbUCCr se eee Be A RS as ee a eo a9 2.8 2.0 5a} 
S(sUER ear eee ee RE Se ee eee, 5 ee ath 1.0 4 -6 
RED DGS eis cr ee rane eee See eee Zee aes a7 5 30 ae) 
Radishesiees sc ieee ss eee Pest ae ae nee ae 2 Uae 1.2 ipal 2 3 
SAIS ATA US ee etteciacs 2 tne Ae eee te Nae ee cee ee ste 1.20 4 Bal 

IEVTG)L1S Sees yer gs See 0S, Care Se re ae See chee ert Beare al mY Ae) ahi 
Beets. ........ a0 .9 a -2 
Carrots...... =o .8 20) all 
Cucumbers... ... 6 6 Be +2 
Black-eyed peas 8 70 3 -2 
PRAT GTAP) Saenger fee renee et er ee Stee 22 is) .6 (a) 
ARNT AT Dee Se See oe eee re ee ae 2 -5 8} (a) 
1 Dye ay 0} Es Wa eh Beate ee EC ade ct ce are 2 ames ee oo 2 mA. ne sil 
Miscellaneous vegetables...-..,..-.--.------ Pee as see 2.1 6 aia 123 

CCG eee, Sees mee nc ate not Sees en. een Sg 66.9 74.0 52.6 44.5 

Fruits: | 
SETA WDEITICS! eee conn See ne ent ee a eet 5.0 2.7 3.0 2. 
BAT LOS 3 Sea, eects Scepter See al 10 2.2 Be 
IRESD Eres ese dc tace se tere eeeee aoc aE eee oes 1.5 mt) 1.8 i 
UB ACK DELTIGS fy -r: kaos eee ca area ao eee 2.5 .8 1.0 - 
Miscellaneous init See eaose ent eee ae cate ees 1.2 9 9 3. 

Ho) 29 ee a re, NRE Pore cee SR Ye ee I 10.5 | 6.3 8.9 12; 
lowers lOtal az si2241 4c accuse caine oe eb aseceisestee eee eeenat 7 Bl (2) (2) 

TILLABLE ACRES IN FARM 
AREA ' 

GROUPS | 25 30 35 

| 10.0A. AND LESS [ie 

i110.) -—. 20 "BO UY. 

120.1 — 30 

OVER 30A. 
GENERAL CROPS VEGETABLES & FRUITS 

Fig. 1.—Distribution of farm area on 152 small farms near Washington, D. C. 
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Over 50 per cent of the crop area is devoted to vegetables and 

fruits (fig. 1). When the farms increase in area the proportion of 

land used for the general crops—corn, hay, and grain—increases, 

more of these crops being needed to feed the increased number of 

horses and other stock on the larger farms, and more land being 

available for this purpose. On many of the smaller farms no corn 

or grain is raised, necessitating the buying of feed. With a very 

hecited amount of land available for crops, the farmer finds it more 

profitable to utilize the greater portion of it for raising crops of 

Fic. 2.—View of one of the small, highly intensified truck farms. 

high market value and such as will furnish profitable labor for one 
or more men through the season. (See fig. 2.) 

The live stock kept on these farms was practically limited to 
horses needed for farm work, and to cows, pigs, and chickens kept 
for the production of food for the family. The sales of live-stock 
products were negligible, with the exception of those of poultry 
products. The average flock for these farms was 33 chickens. 

No greenhouses for raising vegetables for market were found 

in this area. 
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TasrE II.—Summary of the farm business on 152 small farms near Washing- 
ton, D. C. 

| Tillable area. 

Item. 10 acres | 11 to20 | 21to30 | Over 30 
and acres. acres. acres. 

, under. (45). (57 (29 (21 
farms.) | farms.) | farms.) | farms.) 

| = 

MAP ATOR se Heo iesin eisiaeasce see adele 33 25.cboeeisiae oes Seales acres... 11 21 39 57 
Crop: Area sc Hien etisl lek Ss ca ajnc tenance eeceses seme s dos.32) 6 13 23 . 35 

| 

ITTV. SETNVOM bisce Ak Soca areas meer Se See ge ee $2,747 $6, 430 $7, 451 $8, 636 
IRGCCIPUSS eee ant cewrac tte elena cinerea inne Beene site See See $794 $1, 651 $2, 478 $3, 013 
IKDCNSES << fact on he ncaa eee Reeeccses tone en ee eee eat secmate $526 $1,107 $1, 437 $1, 434 
MANU IM COMC: 22h = sopac eee ae eee eee oe Bie) a 5 sate cin $268 $544 $1,041 $1,579 
intereston investment at 5 per cent.2:22.-2..2.2-5-2522-20s-s00 $137 $321 $373 $432 
BIG f0 OLs LI COUILCE etal ote ee etm aie cola eo ao ere ee ee | $131 $223 $668 $1,147 

Value offarmer's1abor cm 2 aece ose a aages ses eee ee $305 $351 $406 $372 
Per, centroninvestment. sc: sceinsec cies s otsere ton reese oe eee | —1.3 3.0 8.5 14.0 

Walueunpaid family labor. s—- <<22sce— seeiee n= a ee ee | $88 $54 $34 $34 
Wai yAM COME. cect Aaa ae, aera srs cee tensaeeeere ao ne eee | $356 $598 $1,075 $1,613 
interest paid: on indebtedness... 222-5. <2! tee --.- sone ieee eee $8 | $10 $26 $28 
Amount available for family living....................-....--.- $348 | $588 $1,049 $1, 585 

Months of labor for the year. 

Mireddaborl <2 - ss cea sesecs seem ccccemsrcses sc cease asee sae | 2.9 123 19.0 17.6 
Operatornand bisfamilyes. Panecccssse sateen +e eaetee se eee 15.3 14.0 13. 2 13.2 

Note.—Definitions of terms: A 
Investment.—The value at the beginning of the farm year of all real estate, machinery, live stock, and 

other investment used to carry on the farm business. Yt includes the value of the farm dwelling, but not 
the household furnishings. 

Receipts.—AlI1 sales of crops, the net increase from stock, receipts from outside labor, increase of inven- 
tory of feed and supplies at end of year, rent of buildings, etc. Farm products retained for personal use 
are not included. 
Expenses.—The amount of money paid out during the year to carry on the farm business, together with 

the value of the unpaid labor performed by members of the family. Decrease of inventory of feed and 
supplies at end of year is considered as an expense. Household and personal expenses not included. 

Farm income.—The difference between receipts and expenses. : 
Labor income.—The amount that the farmer has left for his labor after 5 per cent interest on the invest- 

ment is deducted from the farm income. It represents what he earned as a result of his year’s labor after 
the earning power of his investment has been deducted. 

Per cent on investment.—The rate returned on the farm investment after the value of the farmer’s labor 
is deducted from the farm income. 

Family income.—The sum of the farm income and value of unpaid family labor, or the amount available 
for family living had there been no interest to pay. 

PROFITS. 

In Table II is shown a general financial summary of the farms 
visited. It will be noticed that the 45 farms having an average crop 
area of 6 acres have the smallest investment, and that their income 
is also the lowest. Only five of the farmers of this group made a 
labor income of over $400. It thus can be seen readily that the 
chances for making a large income on farms of under 10 acres in this 
region are not very good. It is the exceptional farmer who can make 
more than a living on such farms without any outside source of 
income. ; 

The incomes increase very rapidly with increase in the number 
of tillable acres available. The second group of farms, having 11 
to 20 acres tillable, make an average labor income of $223. Two out 
of every five farms returned labor incomes of over $400. The farmers 

in the other two size-groups made labor incomes averaging over $400. 
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The prospective farmer should study this table carefully. If the 
farm he has in view falls in the smallest size-group, for example, he 
need not assume that he can not do better than the average did, as in- 
dicated in Table II, since many of these farmers made much more 
than the average (see fig. 3). He must bear in mind at the same 
4ime that it will require the best management and a considerable 
knowledge of farm practice and markets, and that most of the farm 
work will have to be done by himself and his family, if he is to 
succeed on one of these very small farms. 

FARM RECEIPTS. 

TABLE IlI.—Distribution of farm receipts on 152 small farms near 
Washington, D. C. 

Tillable area. 

Source of income. 
1oacres | 11020 | 21030 | _ Over 
minder acres. acres. | 30 acres. 

Per cent. | Per cent. | Per cent. | Per cent. 
Weepianlcs Seseweees BHraM iz ys i epeieat tone acta Cos ate eae nc an 70.! 83. 8 80.3 72.7 

SOHO SOSH CH SHOS ESSEC SOR DECREE tere Lel ee us Sim aye a cS a ages 12.0 7.6 9.5 12.0 
anes Bree Nae a leer capa a a ere lole ates trae Aicten as Win cent Set scheint sae 2.2 BAG) eeqinaeapse| aun eae ake il ae 
eenctal CLODS teres sena/ee sie on eels eee eee see a noe R eae e gull -2 1.7 2.9 

ELEN ei Si es ATED SST ACES PREP eS a 4.9 ano, 2.0 3.9 
All OMe SHOCK ese see! Lie ANTS Eee ees) ile eee ih iB) .8 2.0 
MiSCeMAme Ouse ees sp eee Wine ne Ut Bila rn BOTA 210 Nou RENA fils’ 10.7 4.0 5.7 | 6.5 

| 

Table III shows the distribution of farm receipts. Over 80 per 
cent of the receipts are from vegetables and fruits. ‘The live-stock 
receipts outside of poultry are practically negligible. This table 
indicates clearly the type of farming followed by these farmers. 
The comparative importance of miscellaneous receipts for the group 
of very small farms is due mainly to income from outside sources. 
Some of the men on these farms do team work, a few work at trades, 
and still others do ordinary day labor when their farm work is not 
rushing, though a small proportion of the year is spent at outside 
work. This additional income is often necessary on very small farms, 
as the farm receipts are not enough to furnish a living for the 
family. All farms with outside receipts that exceeded the farm 
receipts were excluded from consideration in this study. The smaller 
farms also sell the most flowers and small fruits, thus increasing 
their business by more intensive production. The farmer with lim- 
ited acreage must make up for lack of land by raising crops which 
yield a high return per acre. These crops usually require so much 
hand labor that the farmer who works many acres will not compete 
in raising them. 

FARM EXPENSES. 

In Table IV is shown the relative importance of the different items 
of expenditure. It will be seen that in the group of very small farms 
there is a relatively high expense for family labor, which must be 
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charged against the business, whether actually paid for or not. The 
expense for hired labor is low compared with that for the large 
farms. In other words, the small business on these little farms 
would not justify a big expenditure for labor. It should be ex- 
plained that “family labor” is the farmer’s estimate of what he 
would have paid had he hired some one to do the farm work done by 
his family. 

TABLE 1V.—Distribution of farm expenses on 152 small farms near Washington, 
D.C 

Tillable area. 

Item of expense. 
7 10 acres | 114020 | 21¢030 | Over 

aay acres. acres. | 30 acres. 

Per cent. | Per cent. | Per cent. | Per cent. 
PELIne Gel aN OF ete eae teas ote, oe epi ee ee osc eee 15.4 32.9 39.7 38.0 
Wa milyals DORs ae sa sc ote sick SSeS 52 ae ees 2 mere oe a 16.7 4.9 2.4 2.4 
INC G ie ee sone hPa ee So a os ee a, ane | Oey See 24.5 17.9 11.1 10.0 
ESISTSTG eae eer Se et es ae dR aa are Ear nO SO A <P a 5.4 4.4 4.4 5.0 
HWeniuiZeranGuianuUne=222 so-so eis See ee 4.0 6.3 8.7 7.6 
Manketing/andicommission=: 5. -.3.- a5- os see se-e ince een eee 11.0 14.0 15.3 16.6 
Repairs and depreciation S25) 13.8 9.8 10. 2 11.3 
Insurance and taxesi nee ot oc.. le eee seen. cue . 4.3 5.4 3.8 3.7 
MISCE IAN GOUS Sete See ne oe ee ene ies aes ee 4.9 4.4 4.4 5.4 

The man on the small farm has to buy much of his stock feed. He 
usually lives in a region of small farms, where most of his neighbors 
are also truckers, and he is forced to buy most of his feed from feed 
stores rather than directly from farmers, and thus has to pay deal- 
er’s prices. He has not enough land to produce the more cheaply- 
raised feeds such as hay, corn, and corn fodder. 5 

In studying Table IV as a whole it will be noticed that the larger 
farms are spending relatively more money than the others for labor, 
fertilizer, and marketing, and less for feed. In other words, they 
are paying out the most for the three big items of farm expenses, 
which on truck farms indicate greater production. 

CAPITAL. 

TABLE V.—Average distribution of capital per farm on 152 small farms near 
Washington, D. C. 

Tillable area. 

10acteS-| 11020 | 21t030 | Over 
under acres. acres. 30 acres. 

Nea eS baton ete aes se oct PNR eb eae neers ee ee eae $2, 434 $5, 830 $6, 506 $7,397 
Dwelling........ . 638 861 1,076 1,458 
Other faunas: pL 131 300 593 648 
WAVOISTOCK 2215 me tenes 144 262 422 601 
Machinery ese aacne ae sar: 22228 cece ace cdeeone 97 188 266 248 
Feed and seed on hand 15 34 99 171 

Cash Tommie rm cea ee teste, cca ste eerie cyatecl Seediepe terion siete bY 116 158 219 

“Totalicapitale a tao: 2 csatke cnet eae ee ee 2,747 6, 430 7,451 8, 636 
Renting. valiieOilanm. 22k vst Aso yaaa eee ae | 134 208 212 297 
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In Table V is shown the distribution of capital used in the opera- 
tion of these farms. Nearly 90 per cent of the total capital is in real 
estate. The live-stock and machinery investment is low per farm 
and the value per acre of the farms relatively high. The farms are 
located close to the city, giving them, in some instances, valuations 
which are greater than they would be were it not for the influence 
of suburban real estate values. This speculative factor very often 
controls the real estate values of small farms located conveniently to 
market. To determine the effect of this factor for the farms studied, 
the renting value for farming purposes of each farm was deter- 
mined. It will be noticed (Table V) that for the smallest farms 
the renting value approaches very nearly 5 per cent interest on the 
real estate value. This is probably due to the fact that these small 
farms are worth very nearly $234 a year merely as a home for the 
family of a man working in the city. On the larger farms 5 per cent 
on the real estate investment is nearly $100 greater per year than the 

annual cash rent for farming purposes. 

COMPARISON OF INDIVIDUAL FARMS. 

In the previous paragraphs it is shown that in studying groups of 
farms the labor incomes, on the average, are greater on the large 
farms. This, however, does not hold true uniformly when indi- 
vidual farms are considered, as is shown in figure 3 and Table VI. 
There are some farms with good incomes and some with poor incomes 
in each size-group. The size of farm has an important bearing on 
the chances of success in farming, but other factors, such as good crop 
yields, good prices for farm produce, and suitable equipment, which 
may be grouped under the heading of good quality of business, may 
more than overbalance unfavorable size of farm. These individual 
variations emphasize the fact that the men who rank as conspicuously 
successful farmers rank far above the average in quality of business. 
The farmer who is content to be merely as good as the average need 
not hope to be classed among the more successful operators of his 
community. 

Taste VI.—Tillable area, labor income, capital, receipts, expenses and distribu- 
tion of receipts for each of 152 farms near Washington, D. C. 

[Farms arranged according to size of labor income.] 

Investment. Per cent of receipts from— 

Tilla- ce EAR 
, ebor b 2 ve Receipts. Eris ae 

rea. ea i egeta- . _ | Oth estate, | Other. los, | Fruits. | Stock. Beane: 

$3, 805 30.5 $2, 000 $721 $6, 244 $2, 303 76 LO ee ek oe 12 
3,654 | 32 ‘ 807 5, 789 1, 820 93 5 1 1 
3, 584 25 8, 000 1,789 7,940 3, 867 OB i As | sak cute if 1 
3, 534 56 6, 000 1,156 5,330 1, 438 SOR epee se | 4 7 
3, 342 26.3 7,000 1,346 5, 614 1, 855 80 7740 Pee ro | a 
2,931 14.5 6, 000 1,138 5,546 2, 258 SESH A aR ea 1 
2,194 | 18 3,300 715 4,578 2,183 88 LE Ge 1 

157353 °—20——_2 
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Taste VI.—Tillable area, labor income, capital, receipts, ete.—Continued. 

Investment. F Proportion of receipts from— 

Tile | 2 ieee eed S. 
eee ble ne Receipts. ae See ie 

: area. ea, egeta- : a er agtAtS Other. bles. | Fruits. | Stock. coun 

$1,785 | 33.5 $6,000 | $1,083 | $3,753 | $1,614 84 9 6 1 
1,740 26 5, 200 1,914 5, 494 4,398 it 2 ae Pee econ 2 5 
1,590 18. 62 5, 000 1,595 3,773 1, 853 1! Ah ee See Sipe |e eee 
1,566 59 16, 700 2,279 4,390 1,875 77 8 ey 10 
1, 436 39. 25 8, 000 1, 084 2,664 774 78 12 4 6 
1,362 48 2,400 726 By PAK) oo, 78 1 2 7 
1, 273 42 8, 000 1, 216 2, 894 1,160 52 37 uf 4 
1,271 23 12,000 1, 263 4, 061 2,127 94 al 2 3 
1, 266 30 5, 500 ite yA) 4,148 2,548 93 2 2 2 
1, 234 2955 5, 000 12613 5 Sebo: 1, 984 rol ede ae oe 8 3 
1,216 13 5, 900 977 QO 1,197 68) Sie 31 if 
TEAS Pata) 3, 250 1,151 2,977 1,544 87 i 1 11 
1, 206 6.4 5, 000 611 2,791 1,304 ONS eae ee i igen Mee ae ep 
1,120 39.5 6, 200 1,154 2,276 788 68:5 | 28 sees 19 13 
1,056 | 19 2,100 631 2,974 1,781 66 345) (25 oyeees (awe 
1,008 flay 13, 600 757 | 4,191 2,465 100.0 |i... Se eee eee 

998 10 5, 000 868 1,917 626 31 24 2 43 
984 36 10, 000 1,340 3, 680 2,129 87 tc nie fee ee 5 
971 17 5, 400 554 2,739 1,470 85 TDs es ee een ee 
965 O20 5,445 1, 638 2, 809 1,490 83 11 3 3 
955 15 1,500 207 1,322 282 73 22 (Nee Nees para 
951 10 2, 200 335 1, 419 341 60 33 3 4 
918 10:2 2,500 600 2, 253 1,150 80 7 2 11 
928 12 4, 500 293 1,784 616 fs ee a aoe Uf 40 
923 14.1 1,400 646 2,057 1, 032 82 6 ra 5 
920 320 1,200 358 1, 486 488 84 13 2 1 
897 20 4, 800 1,045 3,128 1, 939 79 10 4 i 
847 32.8 10, 000 1, 620 2,867 1,439 50 1 28 21 
835 22 3, 500 1, 401 2,469 1,389 36 59 4 1 
816 9 1,000 374 1,445 560 76 Dire | eee eee 1 
802 | 16 4,000 1,260 2,418 1,353 89 Say lh sence 3 
800 30 6, 500 931 1, 855 683 61 24 1 14 
767 30 3,500 1,064 3,227 2,232 89 3 a 5 
762 25, 4 2,500 638 1, 431 512 54 19 10 17 
716 12 2,000 309 1, 403 572 78 7. 1 4 
675 23.0, 7,500 758 2,521 1, 433 44 DD Pe Ge: eee 
658 1055 6, 000 827 2,317 1,318 19 73 ed ener 
651 14.8 8, 000 634 1,719 636 OOS i eae 1 3 
645 20. 4 3, 400 307 Leave) 343 62 7 5 26 
644 12.5 5, 000 277 1,554 646 67 19 1 13 
609 37 6, 000 1,162 3,152 2,185 88 Oils cee ee 3 
604 2.8 400 152 1,244 612 89 3 2 6 
ahi 8 1,100 266 Tb 922 59 40/0) F2ase as! 1 
531 16 5, 000 688 1, 963 1,148 OOM | eee 2 6 
513 35.3 5,500 | 1,022 1,727 888 86% 2s e all 3 
509 PH 3, 100 542 1, 624 933 59 16 10 15 
507 10 2,000 503 1,158 526 73 2 4 PAL 
502 21 10, 000 1, 832 3,363 2, 269 O79) Se aC ren 3 
483 | 25.35 4, 506 1, 278 1,890 1,118 81 9 1 9 
475 13 14, 000 871 2,495 1, 276 93 5 1 1 
453 11 2,500 421 1,539 946 98 > a | Pee ee PSS 2 
417 10. 4 1,710 434 1,084 560 94 1 1 4 
387 3,500 493 LW ol7 730 45 1 4 50 
383, a 1,000 164 811 370 76 14 2 8 
366 26.5 15, 000 988 1,579 414 O07 | Eee sats eee 10 
362 8 1,445 116 1,079 639 LOOM 24 co8 ee toes oes eee 
343 6.4 1, 260 416 833 409 54 29 10 7 
336 | -53 10, 000 1,198 1,972 1,076 90 3 3 4 
314 32 7,100 1, 250 1, 252 520 59 26 10 5 
286 19.5 3,500 382 1,075 595 69 Ug US es 20 
269 | 50 15,000 1, 366 3,081 1,994 24 58 8 10 
258 Sages s| 2 let 50 200 732 406 85 2 1 12 
252 UL. 75 5,300 794 1,422 865 (4 vom lees Sey 2 22 
229 5, 1,500 259 598 281 90M ee ee acc a a 
225 ah 1,300 174 527 228 28 27 1 44 
225 10 2, 500 383 1,081 712 1008 | eeeets alt aces | aera 
223 1. 82 2,000 345 630 290 62 333) 4 1 
217 4.5 ¢ 600 116 456 203 34 O20 |e ee 14 
211 8.1 1,100 203 386 110 a2 2a ft seeioeee 5 
ae 28 2,310 610 902 546 71 24 1 4 
208 44 4,000 1, 306 1,944 1,471 ae 17 4 24 
202 10.4 750 A477 597 334 (G5) bate es 30 9 
168 23.2 4,670 534 1,098 670 Gaye kcrses 4 32 
156 26 5, 500 674 1,414 949 76 1l 4 9 
143 12. 75 9. 800 557 2,446 1,785 | OBE mae Seals eceee ae 2 
133 16. 2 7, 000 782 1,647 1,125 960 esti ae | Saaceese 4 
132 10.4 1,500 303 649 ADT Mi eS One e oe 8 3 
120 30 al or —) fo) Oo _ me or rs _ oO 

oN 

bo on fy ~ Oo vu bo i 
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TABLE VI.—Tillable area, labor income, capital, receipts, etc—Continued. 

Investment. Proportion of receipts from— 

Tilla- 
aber ble a Receipts. as esl ie ne 

Z area. ea egeta- . er Catate. Other. blest Fruits. | Stock. LyatrgoeSh 

$116. | 49 $10,000 | $2,053 | $1,599 $880 73 19 Sigs | sees Se 
103 6.5 .| 2,500 347 601 356 60 19 20 1 
102 | 11.5 | 1,140 409 882 703 98 De juices cal Be ah aaa 
92 | 11 | 2,500 396 608 371 72 Fee! ik 11 
89 10 3, 000 428 465 205 25 7 32 36 
83 25 2; 500 627 1, 353 1,114 83 11 Git eene es ey 
79a) $8e8 3, 000 413 1,190 940 C3 Le sane el beeen 2 
67 5.3 4,000 511 691 398 SBN oe ones eele 12 
59 18 [e34025 531 1, 283 1, 046 86 6 1 7 
59 13 | 3,600 573 994 726 Sane teenie 3 10 
56 8.5 3, 000 308 533 312 78 1 ieaurt 6 
53 | 30 8, 000 719 896 407 37 3 | 4 56 
53 10.3 | 3,000 546 1, 285 1, 055 92 Haul Rees ary ee 
52 9.5 | .1,500 352 560 415 53 34 4 9 
4S | 30 | 2,500 242 393 207 48 38) | seein 14 
41 10.5 | 3,000 287 449 244 13 5B) |) 725 w 
32 9 2, 800 539 1, 246 1, 047 77 7 6 10 
29 77, 900 209 331 247 62 14 10 14 
17 11.3 4,000 545 799 555 83 4 4 9 
3 4.4 1, 200 319 743 664 56) a sees Wes all 33 

eS 7 700 146 209 195 76 1D Ssh 12 
= Be 6 800 144 309 297 LOO 2] sees peeled 
038 8.8 3, 240 173 443 310 40 31 4 25 
AD 5.5 2,000 118 464 400 79 ie 5 15 
= RO 16 1, 200 315 373 347 96 Dh si |p ll 2 
— 50 | 29.5 5, 000 807 1,642 | _ 1,402 90 | Fase: 9 1 
50) 3 700 78 34 745 SRins| een 2 10 
= + @il 12.5 1, 400 188 212 194 42 15 28 15 
TB 15 5,500 729 640 399 DOIN Seed 70 8 
= ~ UK 18 3, 250 ’ 560 1, 344 1, 231 62 36 1 1 
= 7 3, 000 283 318 239 36 63) | eee es 1 
— 96 10 3, 500 262 554 462 ees | ae oe 13 13 
= Oy | OW) 10, 000 343 2, 261 1,841 70 12 5 13 
— 126 19.75 | ~ 2,000 874 1, 174 1, 156 97 Dall hake 1 
== ie! 10 1, 000 97 633 712 58 1 OFn [ig BOSCH ee ae 
= 19) 15 3, 125 229 423 397 68es ieee 21 11 
— 168 4.5 6, 000 454 568 413 39 1 43 17 
= ey 12.1 7,460 970 2,000 1, 755 840s nee 6 10 
— 199 | 48 6, 000 631 455 322 16 20 | ~53 11 
— 204 13.5 3, 100 609 910 929 86 7 6 1 
— 209 | 25.5 1, 000 312 350 493 18 BO ns suns 23 
= 215 | 28:9 10, 000 663 790 472 helenae Geer 21 12 
25 4.6 2, 000 354 649 754 (feel Setaee ce aspera 33 
— 304 9.3 775 225 105 359 73 thet oie eee 
= 388 22 . 4,500 557 943 1, 025. 48 35 8 9 
= GRY 12 4, 900 621 963 1, 024 O77 Esa e 1 2 
— 347 11.7 12, 000 258 1,381 1,115 91 Tias| Phedl Ree 
ey 386017 4,500 173 237 389 Soa leche. [it at | ee as 
— 392 18 2,000 564 672 936 716e1| R ase el ates ys 24 
256997" 59 5,500 1, 203 2, 249 2,311 67 4 27 2 
— 405 11 2, 650 370 1,196 1, 450 gay eyes 3 3 
— 408 8.5 1,000 225 422 769 88 9 By Ee ae. 
—. 452 11.4 8, 000 278 653 691 75 iwillipa geen 9 
ASO 10 2, 000 220 469 840 64 2 9 25 
= 5503 8.5 6, 200 392 790 993 74 3 15 8 
e554 13'3 1, 380 669 610 1, 062 OD yi (eae im A hh a 
— 580 | 11 10, 000 597 634 684 75 1 15 9 
— 613 8 8, 000 ° 365 535 730 81 6 10 3 
— 620 17 12, 600 651 1,716 1,673 TIGL EO| Sees esa Sr eee te 
— 626 13 20, 000 2,014 4,529 4,054 OOF 5 SBN Es Ce Ty EER 
— 634 15 7, 200 463 309 560 Ogun ee 1 eee ee 
aes 5.75 7, 000 628 500 753 FU ah on i | 20 36 
— 638 26. 25 32, 250 855 | 4,333 3,316 O62 a Sie 4 
— 809 12.5 15, 000 322 | 1,985 2,028 Ce) | Pi rae La hs a 
— 837 11 4, 200 290 788 1,401 THE | eae 13 10 

840 11 21, 000 263 700 477 Shp POR PR Ree MeE Ee: 15 
—1, 406 15.5 22, 000 517 1,046 1,326 OG i) | PAUL 1 3 

TRUCK-CROP YIELDS. 

Below are shown the average yields per acre of the important 
truck crops on the 152 farms (season of 1916). No direct relation 
was found between the acreage yields and size of farms. 
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The 11-peck barrel is standard throughout. The tomato box, 
squash crate, and cantaloupe crate hold 4 pecks each. The berry 
crates hold 32 quarts. 

Average yields per acre of truck crops. 

Irish potatoes _______ barrels__ AQ. ePeas. ee barrels__ 23 

Sweet potatoes_________ don 45 | Kale ees Seer yee (6 (Jere 41 

SWCOLe COLT a teas ems dozens__ SOL [2 SPINACH == soe ee do= === 70 

Tomatoes_.-- boxes__ M2 SOU Slt ese este a eee erates__ 190 

hima beans. 222 22s quarts. tt, 172.) Cantaloupe.= 20 dons 112 

String beans... _=-__= barrels__ of | wirawoerries: 22 222-2 dosss= 69 

Cubbave: cee do____ 116 | Blackberries___-______-_ doz—s_ 46, 

(anno tse eee bunches... 10,902 | Raspberries___-________ d02252 oe 

IBeC iS sc aes ee do... 7,960 

Fic. 4.—Stable manure brought from the city is dumped on compost heap. 

MAINTAINING SOIL FERTILITY. 

On small truck farms it is not possible to keep up the fertility of 
the soil by keeping live stock, as on general and dairy farms. The 
common method of keeping up the yields of crops on these farms is 
by the use of purchased barnyard manures and commercial fertilizer. 
About three-fifths of the expenditure for manure and fertilizer is for 
fertilizer, and two-fifths for manure. Much manure, however, is 
used for which no money is paid. Many farmers haul it from stables 
in Washington, where they get it for taking it away. Often after 
taking a load of produce to the Washington market the farmer will 
bring back a load of manure for his compost heap. Some farmers 
contract for all the manure produced at a stable, in which case it is 
necessary to make one or more trips every week for manure alone. 
The manure is usually put on a large pile, from which it is drawn 
in to the field as needed (fig. 4). The actual value of manure used 
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is probably greater than that of the fertilizer used. The supply of 
stable manure in the city is limited, however, and some farmers are 
unable to get the required amount. 

The importance of maintaining enough humus in the soil is ap- 
preciated by all the experienced farmers. Barnyard manure is their 
chief reliance for this purpose, though rye, crimson clover, or cow- 
peas are sown occasionally, to be plowed under as green manures. 
The growing of winter cover crops could be practiced to good advan- 

_ tage much more commonly. Most of the crops grown on these farms 
are cultivated throughout the summer, furnishing an excellent seed- 
bed in the fall for rye or some winter legume to be plowed under the 
following spring. Such crops furnish considerable humus to the soil, 
which the trucker finds it increasingly difficult to supply, and also 
tend to prevent serious washing of the soil in the spring. The winter 
cover crop should be plowed under while the stems are still succu- 
lent, and the land then very thoroughly worked before the truck 
crop is planted. 

INCREASING ACREAGE BY DOUBLE-CROPPING. 

Much of the crop land on these farms is double-cropped. The 
farmers with 20 acres and under of tillable area raise two crops dur- 
ing the year on about 30 per cent of their crop land, and those with 
over 20 acres of tillable area raise two crops on about 20 per cent of 
their crop land. This is a profitable method of increasing the crop 
acreage on small farms. The above-mentioned two groups of farms 

- were subdivided into two groups each, those double-cropped on less 
than 25 per cent of their crop area, and those double-cropped 25 per 
cent and over of their crop area. The labor incomes of the farmers 

in the first group were $89 for those double-cropping less than 25 
per cent of their crop area and $295 for the rest, while in the second 
group the labor incomes were, respectively, $658 and $1,162. 

The importance of having crops growing all the time can not be 
overemphasized. Many truck crops require only a portion of the 
season for reaching maturity. Jf it is not possible to follow or pre- 
cede the short-growing crop with another truck crop, a winter cover 
crop or summer legume should be sown, to be plowed under to im- 
prove the soil. 

The number of acres double-cropped also materially affects 
efficiency in the use of horses. The crops worked per horse for the 
above-mentioned groups as subdivided on double-cropping were 5.9 
acres for those in the first group who double-cropped less than 25 
per cent of their crop area, and 9.1 for the rest, and 10.7 and 12.7 
acres, respectively, for those in the second group. The efficient em- 
ployment of horses is very important on these small farms, where 
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more horse feed is usually bought than on the larger, general crop 

farms. The renting value of the farm and investment in machinery 
and tools are also made less per acre of crops when double-cropping 
is increased. 

Early peas or early potatoes may be followed by string beans, late 
potatoes, turnips, spinach, kale, or radishes. Winter or spring grains, 
if cut for hay, may also be followed by these crops.. Winter cover 
crops should be plowed under just before they head out, and, after 
being thoroughly worked into the soil, may be followed by any 
crop normally planted after the last spring frost. Many other suc- 
cessions might be suggested, but each farmer must plan to suit his 
own conditions. The point is to plan for high production per acre. 

Fic. 5.—Beets and gladioli in same row, permitting use of horse cultivator in 

intercropping. 

Intercropping is often practiced to good advantage. Late vege- 
tables may be planted between the rows of earlier vegetables, allow- 
ing the late crop to grow while the earlier ones are maturing. One 
example was found of planting early and late maturing plants in the 
same row (fig. 5) allowing for horse cultivation. 

In this connection it should be pointed out that over two-fifths of 
the farms visited had less than half their farm areas in crops, the 
remainder being woodland, scrub land, waste land, and a negligible 
part in pasture. The half of the farm in crops had to pay interest 
and taxes on the other nonproductive half. As the tillable area de- 
creases in proportion to the total farm area, the business becomes 
smaller and in addition is increasingly burdened with idle capital. 
When all the farms having 30 acres and under of tillable land are 
sorted into two groups, those in which the tillable area is 60 per cent 

and less of the farm area and those in which it is over 60 per cent of 
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the farm area, it is found that the former group returned an average 

labor income of $73 and the latter an average of $468. Obviously, on 

such small, high-priced farms the amount of waste land should be 

reduced to a minimum. 

MACHINERY AND TOOLS. 

But one-third of the farmers with 10 tillable acres and under have 
more than one horse. The equipment on these farms usually consists 
of a one-horse wagon, a.one-horse plow, a spike-tooth harrow, a one- 
horse cultivator, a work harness, and necessary hand tools. Each of 
these farms also reported 17 hotbed sash on an average. (See fig. 6.) 

Fic. 6.—Tomato plants in hotbeds.: Board fence gives protection from cold winds. 

The large farm usually had both a two-horse and a one-horse 
wagon. The number of cultivating tools increases with the size of 
farm, occasionally including a disk harrow or spring-tooth harrow. 
About half of the farmers have mowing machines. The number of 
hotbed sash increases with acreage up to a certain point, the greatest 
number being found on the farms of 11 to 20 tillable acres, averaging 

50 per farm. 
It is very evident that the operators of the very small farms are at 

a disadvantage in not having enough land to keep two horses busy, 
thus necessitating the use of one-horse tools, which waste man labor. 
When plowing and harrowing and all hauling must be done with one 
horse, the farmer is manifestly not using his time to best advantage. 
Much farm labor, to be done economically, requires the use of at 
least a two-horse equipment. 

Two-thirds of the farmers visited had hotbeds for starting early 
tomatoes, early cabbage, eggplant, peppers, and other early crops. 
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An early crop usually commands a good price, and the land on which 
it is grown may be used for growing another crop the same season. 
Hotbeds are sometimes profitably utilized for growing lettuce very 
early in the spring and very late in the fall. 

MARKETING THE PRODUCE. 

Marketing the produce is really a part of the regular farm opera- 
tions on these farms. The work on the farm is so arranged as to 
allow the required number of men and horses to deliver the vege- 
tables and fruits regularly to the open market.in, Washington. A 
short discussion of this subject thus seems warranted in connection 
with the study of the management of these farms. 

Fic. 7.—Potatoes buried in pit covered with straw and earth. The potatoes were buried 

in October, and the picture was taken the following May. 

Most of the vegetables and fruits raised are of perishable nature 
and must be marketed when harvested. Irish potatoes are some- 
times stored to be held for a better price or a more convenient time 
of marketing. They are put in cellars or buried in pits. (See fig. 7.) 

The produce of all the farms visited was sold on the Washington 
market. A very few farmers hire their produce hauled and pay a 
definite commission for hauling and selling. The common practice 
for the farmer is to do the hauling himself with his farm horses and 
wagons. The men on the larger farms are beginning to use motor 
trucks. The average haul to the market for all farms is 9 miles, and 
the average number of trips to market for all farmers was about 75 
a year, the number of trips varying with the quantity and variety of 
produce grown. 

The farmers sell by wholesale, retail, or commission. The city 
of Washington has a wholesale market which opens at 3 o’clock every 
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weekday morning. Most of the farmers are there by that time. The 
produce is sold mostly between 3 and 7 a.m. If the farmer has not 
sold out by 7 o’clock he generally has to sell at a sacrifice. The 
buyers, retailers, hotel men, boarding-house keepers, or brokers haul 
the produce away from the farmers’ wagons. The farmer who whole- 
sales is usually home on the farm by noon. 

Those who retail sell on retail markets, which are separate from 
the wholesale market. They sell direct to the consumer, and this 
process usually occupies the greater part of the day. It is generally 
the farmer with a small acreage of crops who sells on the retail 
market. The farmer with a big acreage can not dispose of all his 

preduce in this manner. 
The grower who sells by commission also delivers his produce to 

the city, but the commission man does the selling. The grower may 
return home immediately upon unloading, provided he does not have 
to wait for the containers, which the farmer is supposed to get, re- 
gardless of the method of selling. The usual commission is 10 per 
cent of gross sales. 

Thus it can be seen that marketing is no small part of the opera- 
tion of these farms. Table IV shows that from 11 to 16 per cent of 
the farm expenses are for marketing. This is about 10 per cent of 
the gross crop sales. It includes only the actual cash expenditures 
incurred in marketing, such as market-stand fees, lunch, and horse 
feed, and does not account for the time of men and teams required 
to haul produce to market. Here, again, the farmer who has but one 
horse is at a disadvantage. He can not haul more than the one 
horse can draw. He is hauling and selling a one-horse load while 
he could just as easily sell a two-horse load. 

In grouping farms of the same size according to the average price 
received for their produce, it appears that the farmers receiving the 
highest prices also get the highest labor incomes. The better prices 
are partly due to better marketing methods, and reflect better quality 
of produce, better pack, and having the produce ready early in the 
season. The trucker, therefore, should aim to raise a crop above the 
average in quality as well as quantity, and to get it on the market 
before the bulk of the crop for the section is marketed. 

FARM PRODUCTS RETAINED FOR HOME USE. 

In a discussion of profits on small farms something should be said 
regarding the relative importance of farm products retained for 
home use. The results of this study indicate that the family on the 
small farm does not get as much food directly from the farm as does 
the family on the larger farm. For instance, the families having no 
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cow, and therefore having to buy all the milk and butter used, in- 
cluded three-fourths of the families on the smallest farms, one-half 
of those in the second size-group, and one-fourth of the families on 
the 21 to 30 acre tillable area. The size of poultry flocks was larger 
on the larger farms and the consumption of home-produced poultry 
and eggs was also greater on those farms. The average consumption 
of home-produced pork for family use was 228 pounds on the farms 
of 10 tillable acres and under, and 447 pounds per family on the 
farms of 21 to 30 acres. No attempt was made to determine the 
quantity of fruits and vegetables kept for home use, but a great 
variety of these are raised on all farms and the variation in home 
consumption on different-sized farms was probably not great. 

To the family moving from the city to a small farm the farm 
products furnished directly by the farm may seem very important, 
but comparing them to the value of those usually furnished on the 
larger farm, they are relatively unimportant. The man on the small 
farm usually specializes in production and often does not find it 
profitable to keep a cow, chickens, and pigs, for raising food for 
home consumption only. On larger farms these stock are more often 
kept as regular farm enterprises, making much more meat and other 
animal products available for home use. 

TENURE. 

Table VII shows the relation of tenure to profits and type of farm- 
ing. Only 16 per cent of the farms studied were operated by tenants. 
Twenty of the tenants paid a cash rent, and four gave a share of the 
crops as rent. The share was usually one-half of the crops, the land- 
lord paying one-half of the expenditure for seeds and fertilizer, and 
all the taxes, insurance, and repairs on buildings. 

Taste VII.—Relation of tenure to type of farming and profits on 152 small 
farms near Washington, D. C. 

Owners Rented farms. 

- renting 
Owners. | additional 

land. Tenants. | Landlords. 

INTMDCROLATINS sees aieraaees aia oo ences cece eee 92 36 24S See eee 
‘Mila bic area CaCres: 3. 222.2 fee c Sete ee oaseceseess ie see 18.3 20.5 13.6) see seeee 
FAIGTES ONCLOPS ee ece ene cecme ea wt wee aeeene= Sea wae 18.9 23.0 1626") e0 eae s 
Per cent crop receipts are of total receipts... ..........- 89 89 965 |e. eens 
Capital russ: sac foal oacncs soe skietes- 2 ecceteee $5, 63: $4, 475 $464 $5, 222 
Farm Incomes .a2- os etn c oe Soh ss Seer etic eee ae $666 $845 $405 $152 
Interest Oninvesqment2:: 2-022... cocccee cones noesene os 5.8 11.3 25.0 2.9 

1 Farm income: Receipts less expenses. 
2 Percentage farm income less value of farmer’s labor is of the investment. 

The type of farming followed by the renters is very clearly indi- 
cated by the fact that 96 per cent of receipts are from crops. The 
average rent paid for the 24 farms was $162 a year. It is to the ad- 



STUDY OF SMALL FARMS NEAR WASHINGTON. 19 

vantage of the tenant to raise as much as possible, since he must pay 
his rent before he can pay himself. 

In a comparison of owners we find that those who rented addi- 
tional land operated more land with a given amount of capital than 
those who did not. In a region where land values are high because 
of city speculative values, it may pay better to rent than to buy addi- 
tional land in order to increase the farm business. It will be noticed 
that the landlords made only 2.9 per cent on their investment— 
another indication of the advantage of renting additional land. The 
farmer with sufficient capital to buy naturally prefers to own his 

» place, but if the place is small he should not hesitate to rent addi- 
tional land, if possible, in order to increase his profits. 

The tenants required a relatively small amount of capital. The 
farm income of the tenants is less than that of the owners, but if the 
‘interest on the capital invested is deducted the net income or labor 
income is about the same for both groups. The prospective farmer 

with the necessary experience but with little capital can do better by 

renting than by buying until he can afford to get a farm of sufficient 
size for profitable operation. 

O 
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STATEMENT OF PRESENT CONDITIONS. 

The market-milk industry has assumed enormous size and im- 
portance. By market milk is meant milk consumed in the fluid state, 
as distinguished from milk used for butter, cheese, condensed milk, 
and other products. It is estimated that in 1917 more than 16 billion 
quarts of market milk were consumed in the United States, which at 
10 cents a quart would have been worth more than 12 billion dollars. 
Of course much of this milk was used on farms and in small towns, 
but probably not less than one-third was used in the larger cities. 
The greater part of the city milk was handled by so-called “ middle- 
men” in city milk plants. These milk plants represented an invest- 
ment of about 100 million dollars in buildings and machinery. The 
cost of land and delivery equipment would bring the total to con- 
siderably more. 

Such an important business entails a great responsibility. In- 
fants, children, and invalids, as well as healthy adults, depend to 
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a great extent upon market milk, The supply must be brought some- 
times from a distance of 300 or 400 miles, pasteurized, bottled, and 
delivered to the consumer generally each morning before breakfast. 
Furthermore, the milk must be handled under rigid sanitary condi- 
tions. For this business the modern city milk plant has been devel- 
oped. These plants are constantly being remodeled, and new ones 
are being built to meet the latest advances in sanitation. 

The purpose of this bulletin is to furnish specific information on 
the construction and arrangement of modern milk plants as an aid 
to those who wish to build new plants or remodel old ones. The 
information presented is based upon data obtained from surveys made 
of many of the principal plants in the larger cities of the United 
States. 

PRIMARY CONSIDERATIONS IN ESTABLISHING A PLANT. 

While starting a milk plant which insures a safe and adequate 
milk supply for a community is a laudable enterprise, it must be 
remembered that such ventures are not always successful. Many 
milk plants have failed, not because of faulty management or 
changed conditions, but because the milk plant should not have been 
established in the first ‘place. Before the prospective operator 

-engages in the milk business the following questions should be 
answered to his satisfaction. 

1. Is the person who is to manage the plant familiar with the milk 
business? Unless a capable manager can be obtained the chances of 
success will be greatly lessened, as the success of a milk business © 
depends primarily upon the manager. Besides being a good business 
man, the manager must be acquainted with the details of handling 
milk and of milk-plant operation. A man may have the proper 
character, personality, and business ability to manage some other 
kind of business and yet make a failure of the management of a milk 
plant, because he lacks the technical knowledge required. 

2. Is there capital enough available to equip and operate a modern 
sanitary plant until it reaches a paying basis? 

3. Is there a sufficient supply of milk of proper quality available 
or can enough be made available to operate the plant successfully ? 

4. Is there a steady demand for milk in the locality under con- 
sideration and is this demand being met by dealers already in the 
business ? 

5. What type of competition will be met with? 
6. What is the attitude of the local health department? A capable 

health department can be of great help to a plant that is putting out 
a high-grade product. 

7. What is the local labor situation? 



CITY MILK PLANTS: CONSTRUCTION AND ARRANGEMENT. 3 

8. Can the householders in the community be taught the value of 
milk as a food and be led to increase their demand? Are they able 
to pay a fair price for a high-grade product, and will they pay their 
bills promptly ? 

There are also minor considerations, but if the foregoing condi- 
tions are favorable the advisability of establishing a new plant in 
the vicinity will be greatly enhanced. 

HINTS TO PROSPECTIVE BUILDERS. 

The construction of a city milk plant requires careful study and 
planning. The building represents a large investment, as is shown 
in Table 8 under “ Investment in milk plant.” It is important, there- 
fore, that the plans be carefully laid. The efficiency of the plant 
depends to a large degree upon the type of equipment used and the 
arrangement of the various rooms and machinery. It is possible 
for a well-arranged plant to effect great economies in labor, while 
a poorly planned plant may become a continual source of expense 
because of the extra labor required. 
Any one contemplating building a new plant will do well to visit 

various up-to-date plants in different cities to get the latest ideas 
on construction, layout of rooms, and equipment. If it is impossible 
to visit other plants, plans and specifications sometimes can be 
obtained and ideas gained from them. By combining other dealers’ 
ideas with his own the prospective builder can usually incorporate 
the best features of all in the new plant. 

After selecting a site for the plant and determining about what is 
needed, the prospective builder should explain his general plan to a 
competent: architect, who will draw up tentative sketches and plans 
which may then be studied in detail. Of course the type of machin- 
ery to be used must have been previously decided upon, since the gen- 
eral arrangement of the plant will depend a great deal on the type 
used. 

Tt may be well to have several plans drawn, each adapted to a par- 
ticular type of machinery. In case changes are found necessary they 
should be made in the plans before beginning the construction, as it 
is expensive to make alterations. It would be well also to have the 
plans reviewed by others experienced in the business and by health 
officials before the final plans are drawn. 

After the plans and specifications of the building have been decided 
upon, bids should be obtained from several contractors in order to 
get the work done as reasonably as possible. 

For a plant of small capacity much less detail is necessary and the 
plans can be completed frequently without the aid of an architect. 
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LOCATION OF PLANT. 

The principal points to bear in mind in locating a milk plant are: 

Ease of access from as many sides as possible. 
Value of property. 
Cost of getting the milk to the plant. 
Proximity to distribution center. 
Advertising possibilities. 
Opportunity for retail counter cash trade. 
Nearness to city water supply and electric power. _ 
Avoidance of heavy traffic surroundings. 
Good drainage. 

. Pure air and clean surroundings. 

° . ° . 

SDODAD Or ww — 

Fic, 1.—Exterior of a modern city milk plant. 

Ease of access to the plant 1s very important. It is difficult to ar- 
range a plant economically and conveniently unless it can be ap- 
proached from at least two sides. A plant on a corner lot with an 
alley in the rear is desirable, but is seldom obtained in the down-town 
section of a city without great expense. 

The high valuation of down-town property in many cities would 
be prohibitive for the location of a milk plant. In small cities, how- 
ever, the extra advertising value and the cash trade gained by having 
the plant in the down-town section would often warrant such a loca- 
tion. 

The cost of getting milk to the plant is an important consideration. 
If the bulk of the milk is received by railroad it may be advantageous 
to locate the plant near the railroad station, but if the milk is handled 
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largely by truck, the vicinity where most of the milk comes into the 
city would be a convenient location. In case a large proportion of 
the milk is to be handled as bulk goods or wholesale deliveries, the 
wholesale section would have the advantage. If branch plants are to 
be established it may be well to locate the main plant where it can 
most easily receive the milk from the railroads. It is much less ex- 
pensive to transfer bulk goods by truck than bottled goods, so that 
many dealers find it advantageous to have a main plant where most 
of the milk is received and to have branch plants near centers of dis- 
tribution. Usually most of the trade of the branch plants is retail, 
while the down-town plant handles the greater portion of the whole- 
sale trade. One plant having two branch plants had routes as fol- 
lows: 

Wholesale Retail 
routes. Toutes. 

Mainiplant-2ssesee oes. eee 12 39 
IBTANCHENO sas en eee eee 4 26 
IBTANChHENOs 2seess eee. - 22 eee | 3 28 

By locating the plant near the center of distribution, delivery 
‘costs may be considerably lessened and in some cases two delivery 
trips may be made during the day. 

Some dealers plan to establish the main plant in or near the section 
of the city where considerable development is anticipated. In this 
way they endeavor to obtain the trade of people moving into that 
section and the plant itself acts as an advertisement. 

To serve as an advertising medium the plant must be situated 
where there is considerable travel, as in a retail shopping district, or 
at a street-car transfer point. The value of this form of advertising 
depends upon local conditions. In a smali city it may be of consider- 
able importance. The retail counter cash trade is usually of small 
importance in a large city, but in a small or medium-sized town this 
trade is often well worth considering. A plant on a much-traveled 
highway should draw this trade. 

In few cities is there difficulty in getting an adequate supply of 
water and electricity, but, nevertheless, it is well to consider these 
items. Congestion of traffic is of small consequence in a small town, 
but in a large city it may assume considerable importance. 

Good drainage for the plant and clean surroundings are essential 
for an up-to-date plant. Some plants are opposite parks and the air 
is very free from dust, while at plants in a thickly settled part of 
the city it is often necessary to filter the air that comes into the 
building. 

In general, there are three locations in cities that may be selected 
for a milk plant: (1) In the wholesale district near the railroad, 
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(2) in the down-town retail section of the city, and (3) in the resi- 
dential section. Heretofore it has been the general custom to locate 
the plant in the wholesale district near good railroad facilities. The 
tendency in recent years, however, has been to build it near the center 
of distribution rather than near the railroad terminal. 

The advantages of having a milk plant in the wholesale district 
are: 

ear eats facilities make it more convenient for receiving the 
milk. 

It is a considerable distance from the residence districts, and 
there are less likely to be complaints of noise, smoke, etc. 

The disadvantages of locating a plant in the wholesale district are: 

It is away from the center of distribution. 
There are no advertising benefits. 
The district usually is rather insanitary and the air is filled 

with dust. 
Property is often expensive. 
Few retail counter sales are made at the plant. 

The chief advantages of being in the retail district are: 

Advertising benefits. . 
Retail counter sales, which are valuable not only for the actual 

sales made but for the new trade obtained thereby. 

The principal disadvantages in the retail district are: 

Property is expensive. 
Less convenient for receiving milk. 
May not be convenient for distribution. 
More street traffic. 

The advantages of a plant in the residential district are: 

Tt is nearer the center of distribution and property is less 
expensive. 

Retail counter sales are made and new customers obtained at 
the plant. 

Pure air. | 
Less congestion of traflic and more quiet surroundings. 

The disadvantages in the residential district are: 

Poor railroad facilities. 
Less advertising benefit. 
Possible restrictions in regard to operation. 

CLASSES AND TYPES OF PLANTS. 

Plants may be classified, according to the method of handling the 
milk in the plant, into the following 6 classes: 

1. Gravity, more than one story—In this class of plants the milk 
in cans is elevated above the first floor and dumped. It then flows 
by gravity through pasteurizing and other machinery without the 
use of a milk pump. 
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2. Gravity and pump, more than one story.—Milk is elevated in 
cans above the first floor and dumped. It flows by gravity through 

Fic, 2.—-General view of equipment in gravity plant, class 1. 

part of the machinery, but pumps are used also before it reaches the 

filler. 
Classes 1 and 2 are rather uncommon, as most dealers seem to con- 

sider it uneconomical to elevate the milk in cans above the first floor. 
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From the ideal sanitary standpoint class 1 is to be preferred. Most 
dealers, however, do not consider it objectionable to pump the milk 
before pasteurization, provided the pump is of the right type and 
properly taken care of. The economy of dumping milk and leaving 
the cans on the ground floor is of considerable importance and much 
labor, time, and power may be saved by handling cans in that way 
rather than by elevating the full cans and, after dumping, sending 
them back on an elevator. Where there is not room enough on the 
ground floor for weighing, sampling, and grading it may be con- 
venient to send the milk upstairs in cans. This system as a rule is 
more expensive, as is shown later in Table 2. 

3. Pump to higher level, then gravity—The milk is dumped into 
a tank on the first floor and pumped to a floor above, whence it flows 
through the various pieces of apparatus by gravity, without the fur- 
ther use of a milk pump. 

Some of the most modern large plants, which vary in height from 
2 or 3 stories upward, come under class 3. It is less objectionable to 
pump milk before pasteurization, when contamination can do less 
harm, than after. This type of plant also has the desirable feature 
of dumping and weighing the milk on the ground floor and is more 
economical in receiving milk than plants in classes 1 and 2. 

4. Pump to higher level, then gravity and pump—The milk is 
pumped from the first to a floor above. From that point it is handled 
by pumps, or partly by pumps and partly by gravity. 
Many of the larger plants belong to class 4. This type has the 

economical advantages of the plants of class 3 and in addition per- 
mits greater economies in labor by the fact that the various pieces of 
apparatus are comparatively close together, and in some cases on 
fewer floors. In most of the plants of class 4 milk is pumped after 
pasteurization and the number of milk pumps and length of milk 
piping required are usually greater than in plants of the other classes. 
Many of the plants studied in this class were comparatively old. 

5. Gravity, one story—The milk is handled on one floor without 
milk pumps. Large quantities of milk can not be handled rapidly 
in such plants, and only the smaller plants come under this head. 
The plants of this class include a few small ones where the pasteur- 
izer was raised on a platform and the milk dumped directly into it. 
Those handling between 501 and 1,000 gallons daily were raw-milk 
plants. 

6. Pump, one story.—The milk is handled on one floor, one or more 
pumps being used. Class 6 includes some of the less up-to-date 
plants, which are usually frame buildings, built some time ago. The 
amount of milk piping required is comparatively large. Many of 
the smaller plants come under class 6; 48 out of a total of 55 handling 

less than 500 gallons each daily were in this class. A few of the 
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larger plants were included, but in most cases they were old and 

poorly arranged. In one of the latter as much as 300 feet of milk 

piping was used. Considerable economy of labor is often possible 

in plants of this type, however, as the one-floor system usually re- 

quires fewer men. 
It is evident that plants in class 2 have few advantages over those 

in classes 3 and 4. They have the disadvantages mentioned in re- 
gard to time and labor of getting the milk upstairs, and pumps are 
used after pasteurization, which is not the case in classes 1 and 3, 
in which milk flows by gravity from the pasteurizer through the re- 
mainder of the equipment. One advantage they may have over the 
plants of class 3 is that less milk piping is required, for there is no 
piping from the ground floor to the receiving room upstairs. 
A total of 174 plants of the principal dealers in the larger cities 

of the United States falls into the following classes: 

Class. Plants. Class. Plants. 

TU ss ety Shes aU le Naa a a 2 U5) cp RR GS Fe OI a a eA NO 10 

Aa ARO bela beas o Se SOS Sea eees Sepeease 5 (hes 8 See) ibe ots We aria ee Rue a. ee ak 83 

3 SS Ce ee UN a se ca 17 —__—_———— 
Le lth ee aN a EC Ree he 57 TTS Genesys sae cpus rat ME bea 174 

Of the 88 plants in class 6, 48 each handled daily 50 gallons or 
less, and of the 57 plants in class 4, 29 handled 3,000 gallons or more 
each. 

CONSTRUCTION OF PLANT. 

SIZE OF BUILDING AND NUMBER OF STORIES. 

In planning a milk plant, provision should be made for a building 
large enough to accommodate a reasonable expansion of the business. 
If possible the building should be so laid out that by the addition 
of more units of machinery the capacity of the plant can be increased 
from time to time without interfering with the convenient arrange- 
ment of the apparatus. Sometimes provision is made for adding 
another story. | 
A study of 105 representative milk plants showed that most of 

those handling less than 1,000 gallons daily have 1 story, while those 
handling from 1,000 to 5,000 gallons have 2 stories. Plants handling 
more than 5,000 gallons varied from 2 to 5 stories. 

TYPE OF BUILDING. 

The type of building selected depends upon local conditions and 
the type of machinery to be used. The more recently built plants 
are usually from 2 to 3 stories. There are but few advantages in a 
higher building, as labor requirements increase with the height. 
A gravity system for handling milk can be arranged as well in a 

158803°—20—Bull. 849 9 
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plant of 24 stories as in a higher one. By either elevating or pump- 
ing the milk to a tank 2 or 24 stories high, gravity will do the work; 
that is, the milk will flow through the clarifier and the pasteurizer 
into the bottle-filling machinery without the use of a pump. 

The principal advantage of building a higher plant is the smaller 
ground area needed when the plant is in a thickly settled part of the 
city; however, the tendency to build farther away from the down- 
town section is increasing, so that this consideration becomes of 
minor importance. The appearance of the building from the street 
is important, as it serves as an advertisement. 

While the size of the plant as well as the number of stories de- 
pends on the quantity of milk to be handled, it should be so planned 
that one man can remain on one floor and not have to go from one 
floor to another in doing his work. Much time may be wasted if the 
men have to go upstairs and downstairs in their daily duties. 

The ceiling of the plant should be at least 12 feet high. When 
the pasteurizing equipment is on the balcony, midway between the 
ground floor and the second floor, the handling room and the bot-. 
tling room should be two full stories. 

MATERIALS OF CONSTRUCTION. 

The materials used for the construction of the plant depend a 
great deal on local conditions. The most satisfactory materials that 
may be used are reinforced concrete, hollow tile with cement finish, 
or selected brick. Cement blocks are also used to a limited extent. 
When concrete is used, the inside walls should be finished with a | 
smooth surface and protected with paint that will stand hot water 
and steam. 

At present the proportion of brick plants and wooden plants is 
large, but concrete is becoming very popular in many localities and 
is probably the most suitable for a milk plant. It is practically fire- 
proof, very sanitary, weather resistant, and durable. Hollow tile 
with stucco finish is also much used for milk plants. With that 
type of construction the inside walls must be finished with cement 
or similar material. In certain localities cement blocks are used. 
This form of construction is usually found in the smaller plants 
and is very satisfactory, provided the material is not too expensive. 
The wood-frame buildings in nearly all cases are old ones. Many 
plants are now built of selected brick with cement finish on the 
inside, which is a very satisfactory type of construction. 

INSIDE WALLS AND CEILINGS. 

For the inside walls select a material that will provide a smooth, 
easily cleaned surface that is durable and waterproof. Concrete or 
cement 1s very commonly used and is quite satisfactory. This ma- 
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terial can be finished with a smooth surface which is sanitary and 
can be easily washed with the hose. Walls should be coated with a 
paint as nearly waterproof and steamproof as possible. When 
wooden walls or partitions are used, the concrete of the floor should 
extend about 2 feet up the wall, as that part of the wall is exposed 
to water a large part of the time. 

For inside walls of rooms where milk is handled, enamel brick, 
tile, enamel cement, or cement plaster is satisfactory. Tile or enamel 
brick is preferable but rather expensive. The different materials 
used in 20 plants which had special material for these rooms were as 
follows: Enamel brick, 12 plants; tile, 4 plants; cement plaster, 1 
plant; enamel cement, 3 plants. 

All the foregoing materials have a smooth surface and are easily 
kept clean. They give the room a sanitary appearance and are good 
reflectors of light. Enamel brick is less expensive than tile and is 
much used for the walls of milk-handling rooms. 

Ceilings are usually constructed of materials similar to those used 
on the inside walls. The following were found in various plants: 
Wood, concrete, cement plaster, plaster on lath, and galvanized 
metal. As in the case of the inside walls, the ceiling should be 
smooth, durable, easily cleaned, and as nearly waterproof and steam- 
proof as possible. 

FLOORS. 

Several large plants had wooden floors, but wood is a very poor 
material for floors where milk is handled. Wood is not durable and 
the milk soaks into it, causing bad odors and insanitary conditions. 
If a wooden floor is very tight it may be satisfactory for a short time 
if it is cleaned often, but its period of usefulness is short. Some 
form of concrete with a waterproof finish is the most desirable ma- 
terial. Frequently a hardener of steel filings mixed with the cement 
is used to form the finish, which makes the floor wear better. Some- 
times, where an old building is used for a milk plant, a concrete floor 
may be laid over wood, if the underpinning is strong enough. If 
properly laid, a concrete floor is smooth and can be easily cleaned 
with hot water from a hose. Milk does not soak into concrete floors 
as it does into those of brick or wood. Concrete floors should have 
a good foundation with at least 34 inches of concrete below the top 
surface. Asphalt is sometimes used, but it is not very satisfactory 
because heat tends to soften it. 
A tile floor in the bottle-filling room is desirable. Although more 

expensive when properly laid, it makes a good appearance, is durable, 
easily cleaned, and very sanitary. 

Tron plates embedded in the cement protect the floor in rooms 
where cans and trucks are constantly being handled. An unpro- 
tected concrete floor wears out quickly if cans are continually rolled 
over it. 
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Floors in the milk-handling or washing rooms should have a slope 
of about one-fourth inch per foot toward the floor drains. Drains 
should be located when the floor is laid to insure a correct slope of 
floor and should be trapped and connected with the sewer. They 
should be from 6 to 8 inches wide and have perforated, removable 
covers. Great care should be taken in laying the floor to avoid 
making hollows in which water may collect. Before installing the 
plumbing it is advisable to be sure that it conforms to local plumbing 
regulations. 

THE COLD-STORAGE ROOM. 

The milk-storage or refrigerator room must be well insulated to 
keep the milk always at low temperature. The most common insulat- 
ing materials are cork board, mineral wool, vegetable fiber, sawdust, 
and shavings, which are used as fillers in walls of wood, cement, or 
masonry. Cement should be put over the insulating material for the 
inside walls and ceilings to protect that material from moisture. The 
floors of the refrigerator should be of concrete laid solidly on the 
insulating material. The most satisfactory construction is about 4 
inches of cork-board insulation with cement on the inside and out- 
side. Good drainage to a drain pipe, carefully trapped to prevent 
warm air from entering the room, is very important. 

ARRANGEMENT OF PLANT. 

HANDLING THE MILK AT ENTRANCE. 

In the arrangement of rooms and machinery, economy of operation 
as well as sanitation must be considered. In the layout of the plant, _ 
provision shouid be made for the convenient and rapid loading and— 
unloading of wagons. This applies to the delivery wagons and also 
to the trucks which bring the milk to the plant. 

Some plants are so arranged that it is necessary for the trucks to 
be unloaded inside the building. Such a system is not conducive to 
rapid unloading. When the trucks drive inside the building there is 
a smaller space to turn in, and greater danger of contamination from 
dirt and dust of the street coming in through the open door of the 
recelving room. The use of a platform on the outside of the plant 
at the receiving room allows the milk to be handled much more 
readily. The platform need be only a few feet wide, but there should 
be ample space for two or more trucks to drive up to the platform 
at one time. 
Upon the arrival of the trucks the milk is unloaded at once and 

sent to the receiving room, where it is dumped immediately. There 
is no needless driving and backing, as is the case when the trucks 
unload in the interior of the plant. If the unloading platform is 

‘For detailed information as to construction of storage rooms, see U. S. Department 
of Agriculture Bulletin 98. 
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outside, the truck can be quickly unloaded and another driven up 

immediately and unloaded. Usually two or more trucks can be un- 

loaded at one time, which is not the case if they are unloaded within 
the plant. 
Some plants with platforms outside greatly expedite the unloading 

and dumping of the milk by the use of roller conveyers. The plat- 
form should be covered to protect the workmen from the weather. 
The cans as they are removed from the truck are placed on the con- 
veyers, on which they are carried to the dump or weigh tank. The 
cans may then be rolled on more conveyers to the can washer and 
thence to the can racks or back to the trucks. If the milk is received 
in this way the receiving room can be kept cleaner and the work can 
be done much more economically than if the trucks are driven into 
the building. 

The unloading platform should be as close as possible to the re- 
ceiving room and should be level with the floor of the truck, so that 
the cans of milk may be readily rolled from the truck. By having 
the dump tank close to the receiving platform and also lowered to 
the level of the floor, milk may be handled rapidly and with few 
men. It is desirable, however, to have the receiving room well in- 
closed and far enough from the street to reduce to a minimum the 
chances of contamination of the milk from that source. At many 
plants the platform can be most advantageously placed at some dis- 
tance from the receiving room, even though more time and men may 
be required to receive and dump the milk. At such plants, much time 
and labor can usually be saved by the use of conveyers. 
The plant should be so arranged that there will be no confusion of 

the milk trucks with the delivery wagons. A convenient arrangement 
is to have the receiving platform on one side of the building and the 
loading piatform for delivery wagons on the other side. 

In Table 1 a comparison is made of a few plants to illustrate three 
methods of arrangement for receiving the milk. 

TABLE 1.—EHconomy of various arrangements of plants for receiving and 

dumping milk. 

Average Avera - 
y: ge a Average ts ; zy 

AS hie - Number] Sym! [number [A erage | Average hours ofA tage Average e of plant. (0) A of men 4 yp Pp plants. beceived Pp = eP ieDor Dee BOG Be 100 | handled 
plant plant. | plant. GR: ans. /per hour. 

plant | 

| 

Truck unloaded inside plant 
and milk either dumped at 
ground floor or sent up- 
stairs on elevators (no plat- Hours. Hours. | 
formisnised) Pec a-8- 6 aes 3 207 3.3 DED 8.3 4.0 1.2 | 82. 6 

Trucks unloaded at platform 
and milk sent to receiving 
room on conveyers_....---- 3 643 4 4 19.0 2.9 -8 121 

Trucks unloaded at platform 
and milk dumped in tank 
TICAT DYjerce ane tes vases ee ; 2 500 2.5 3. 2 8.7 s/ - 65 154 

1 ‘¢ Man hours,’’ 



14 BULLETIN 849, U. S. DEPARTMENT OF AGRICULTURE. 

When the trucks were unloaded inside of a building that has no 
platform, considerably more time and labor were required to handle 
100 cans of milk. The system of using conveyers to send the milk 
from the platform to the receiving room required more men and 
time than when the milk was dumped direct without the use of con- 
veyers. This is due to the fact that at the plants where no conveyers 
were used the dumping tank was quite close to the receiving platform 
and less handling was required. The dump tanks at these plants 
were also sunk in the floor, so that very little lifting of the cans was 
required. In the plants where the conveyers were used the receiving 
room was much better protected from contamination, being further 
from the receiving platform and better inclosed. If conveyers had not 

Ira. 8.—System of conveying cans and milk from the trucks to the dump tank, located 

at a considerable distance from the entrance to the receiving room, 

been used at these plants more men would have been required. The 
necessity for a conveyer depends, of course, on the location of the 
dump tank with reference to the receiving platform. 

MILK PUMPS COMPARED WITH ELEVATORS. 

Very few plants elevated the milk to the top floor in the cans, the 
majority using pumps. Studies were made at 28 typical plants to 
determine the relative economy of the systems of (4) dumping the 
milk in tanks on the ground floor and then pumping from this tank 
to the receiving tank above, (2) raising the milk in cans to the top 
floor by means of power conveyers, and (C’) raising the cans of milk 
by means of freight elevators. If conveyers are used trouble is some- 
times experienced by a can being improperly placed on the apparatus 
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and the milk spilled. A comparison of the economy of the three 
systems is shown in Table 2. 

Taste 2.—Comparison of men and time required to receive and dump the milk 

and wash the cans at three different types of plants. 

Average 
Average | Average | Average | Average SEES Average | cans re- 

Number; cansof| time |number} hours Osibisare time ceived 
Type of plant. of milk spent | of men | of labor er 100 | Pet 100 and 

plants. per per er per feet re- | Cans re- dumped 
plant. | plant. | plant. | plant octal. | ceived. eee 

Hours. Hours. 
AU (DUMP Renee eee ee 18 | 1,034.7 4.9 4.3 26.2 2.5 0.47 212. 6 
AFCO )4 Coosaeesesoosee 6 845 4.9 5.4 30.8 3.6 -58 172.0 
Ci(elevator) 222 a 4 825 8.1 5.8 58. 4 Tel - 99 101.5 

Fig. 4:—Grayity conveyers bringing cans of milk from trucks to power conveyer, which 

carries them to top floor where milk is dumped. 

From the data in this table it is apparent that the system of pump- 
ing the milk from the ground floor rather than elevating it in cans 
is much more economical in the use of labor. At these plants the 
pumping system was more than twice as efficient as the elevator and 
much more efficient than the conveyer system. The conveyer system, 
however, is more economical in the use of labor than the elevator 
system and requires only about one-half as many man hours to 
handle 100 cans of milk. Of course, other factors enter into this 
problem, but these figures will illustrate the general tendency. 

In some plants it may be necessary to have the receiving room on 
the top floor because of lack of space on the ground floor, but that is 
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an arrangement to be avoided. Of course in plants where the number 
of cans handled is small, the element of time spent in receiving the 
milk is of less importance and conveyers or even elevators are often 
satisfactory. ; 

LOADING DELIVERY WAGONS. 

A study was made at several typical plants using different systems 
of loading delivery wagons, and the data obtained are shown in 
Table 3. The various systems studied were: (4) Wagons loaded in 
the interior of the building (milk trucked from storage room, no 

Fic. 5.—Dumping milk into weigh can from. which it goes to glass-lined storage tank. 

Note gravity conveyers used to convey the empty cans from the dump tank to the can 

washer and then to carrier which conveys the clean cans down to the trucks. This 

system of receiving milk was much more economical as to time and labor required 

than the system of using freight elevators, but not so economical as the system of 

dumping the milk at the ground floor and pumping it and washing the cans 

downstairs. 

platform) ; (2) wagons loaded from exterior platform (milk trucked 
from storage room); (C’) wagons loaded from exterior platform 
(mill sent on conveyers from storage room to loading platform) ; 
(D) wagons loaded direct from storage room, one small door or 
chute being used; (KE) wagons loaded direct from storage room, 2 
doors or chutes being used; (/’) same as /#, except that 3 doors are 
used; (G) same as #’, except that 4 or more doors are used. 

The driver is included in all cases under “ Average number men 
per plant.” From the column “ Average hours of labor per wagon” 
in Table 3 it will be seen that the time is greatest when milk is 
loaded inside the building, and that fewest hours of labor are re- . 
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quired to handle milk loaded direct from storage room through two 
or more loading openings. In view of current labor costs this is a 
highly important point to consider in deciding on the arrangement 
of a milk plant. The cost of construction is an expense to be met 
only once, whereas the expense of labor is continuous. 

TasLe 3.—Comparison of time and men required to load delivery wagons at 
plants using various systems of loading. 

| 

Number of | { Aver- 
wagons loaded ee | ane ee | . age 

Num- daily per d Average | Average} num- 
3 pee plant. snum- | hours | hours |" time ties ber 

System of loading. of ber of of per per | wagons 

plants men | labor ipbor plant. | wagon. | loaded 
Aver- | Varia- | P on Eee De | per 
age tiOr elegans he Oe hour. 

| | 

| 

o y Minutes.| Minutes. 
A (inside building)..._..._.. 1 Doi aia ees sae 4 16 0. 73 210 | 10.9 a5) 
B (exterior platform trucks) - 4] 36.5 | 21-73 BY || Pale! -d8 314 8.6 7 
C (exterior platform con- 
GV.CLS) pee sn er oe et 3 52.6 | 10-80 6 22. 2 42 180 3.4 NT 

D (direct from storage—l } 
aoororchute) piss — es e 1 Gey [ey 3 TED L7/ 150 9.4 6. 4 

£ ‘(direct from storage—2 
doors or chutes)....-.....- 3 91 78-100 Me Ba tat 2a 160 seer) 34.3 

F (direct from storage—3 | 
doors or chutes) ....-....-- 6} 75 | 50-130 5.3 | 14.5 19 150} 2 30 

G (direct from storage—4 or } 
more doors or chutes)...__. 2} 105.5 | 80-131 655 e |e 1653 15 160 | ied! 42.9 

It will be noted that there is a slightly less regular decrease in 
respect to “Average time per wagon,” the size of the plant being a 
very important consideration in this problem. The sizes of the 
plants studied are indicated under “Average number wagons loaded 
per plant.” System G would be practicable for only the larger-sized 
plants, while systems # and F would be impracticable for small 
plants. More men are usually required with systems /, /, and G 
than with systems A, B, and D. 

It is usually desirable to load all the wagons within two or three 
hours if possible. The data in the table seem to indicate that when 
75 to 100 or more wagons are to be loaded in this time either a con- 
veyer system or a system of loading direct from the storage room 
through two or more doors or chutes is essential. While with these 
systems more men are required, the time per wagon loaded as well as 
the “Average hours of labor per wagon” loaded is considerably less 
than with the other methods, and the time element is very important 
where a considerable number of wagons are to be loaded. 

These points illustrate the inefficiency of loading wagons’ within 
the plant and without having a platform. The milk must be brought 
from the storage room on hand trucks and each case of milk must be 
lifted from the trucks to the wagon. If the wagons are loaded from 

158803°—20—Bull. 849-3 
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a platform or from chutes which are placed so high that they come 
even with the floor of the delivery wagon, very little lifting is re- 
quired, 

The figures in Table 3 also indicate that if a platform is used the 
system of trucking the milk from the storage room is much less eco- 
nomical as to time and labor than sending the milk out on con- 
veyers. Ata small plant loading only a few wagons the use of con- 
veyers may not be practicable. One or two men besides the driver 
can handle the work, while in using a conveyer system more men may 
be necessary, although the time consumed would be less. 

ay 

Fic. 6.—Loading delivery wagons at plant using system H. (The second chute was not 

in use at the time the photograph was taken.) An average of 34.3 wagons per hour 

were loaded at the three plants using this system. The average time required to load 

one wagon varied from 1.5 to 2.3 minutes, 

The table also indicates that considerable time may be saved by 
using a conveyer rather than by loading the wagons direct from the 
storage room through one door or chute; though this means but little 
if only a few wagons are to be loaded. The hours of labor per wagon 
were not very different with the two systems, while the time per 
wagon-was nearly three times as great with system PD as with the 
platform-and-conveyer system. 

At plants where two or more chutes from the refrigerator room 
are used, roller conveyers generally carry the milk from the rear of 
the room to the door, and usually one class of goods is put out at each 
door. For example, quarts of milk will be put out at door No. 1, 
pints at No. 2, and cream, etc., at door No. 3. As many wagons can 
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be loaded at one time as there are doors. Thus the wagons are loaded 
in rapid succession and only slightly more than a minute (average) 
per wagon is required at some plants having three or more doors. 
When only one door is used more time is required per wagon. Where 
an exterior platform is used, whether the milk is conveyed from the 
storage room or trucked, usually two or more wagons may be loaded 
at the same time. 

UNLOADING DELIVERY WAGONS. 

Three systems of unloading the “returns” from the wagons re- 
turning from the routes are shown in Table 4. 

TABLE 4.—Time and men required to unload delivery wagons (“returns’’) at 
various plants using different systems. 

Average| Average Average| Average WWaeOns 
Near number | number | Average| hours hours | Average ies 

Mepeorplant) 5 of of time of of time oaded 
INS OH 19) lants. | Wagons | men per labor labor per ee 

P i per per plant. per per wagon. Tene 
; plant. | plant. plant. | wagon. 5 

Minutes. Minutes. 
A. Conveyer system (power | 

OF MiPhalino)|Seaobogoseeece 8 88. 4 Dealh 177 11.2 0.13 Deer 30.0 
B. Wagons unloaded on plat- ; | 

form; then hand trucks. 3 57.6 2.6 240 11.5 -20 4.2 | 14.4 
C. Wagons unloaded in in- 

terior of plant and | 
hand trucks used ....-. 2 21 2 127 4.25 20 (Haba) 9.9 

It will be noted that for plants with a large number of wagons 
considerable time may be saved by using conveyers, as shown under 
system A, and that much time may be wasted by unloading the 
wagons within the plant. When a platform is used several wagons 
may be unloaded at one time, and when conveyers are used the 
driver simply throws his load on to the conveyer, and in this way the 
work is done at a rapid rate. 

DIVISION OF ROOMS. 

For economy of operation and sanitation, a division of rooms is 
essential in the modern milk plant. In many small plants the greater 
part of the work is done in one room, but in the larger and more 
modern plants a special room is provided for each operation. Each 
room should be laid out and constructed for the particular purpose 
for which it is designed. 

In the receiving room the milk is inspected, sampled, and weighed. 
This room contains the weigh tank, scales, and milk-sampling out- 
fit, and should be screened and separate from the other parts of the 
plant. After the cans are dumped they are drained, washed, steril- 
ized, and returned. The can-washing apparatus should be located 
either in the receiving room or in a room adjoining it. 



oe 
20 BULLETIN 849, U. S. DEPARTMENT OF AGRICULTURE. 

Handling room—From the receiving room the milk goes to the 
pasteurizing rooms, where it is pasteurized and cooled before going 
to the bottling room. The latter room contains the fillers and cap- 
pers and should be well lighted, ventilated, and entirely sanitary, 
This is the room that attracts the attention of visitors. The bottles 
are inspected there for the last time and plenty of light is essential. 
In some plants this room is separate, while in others the pasteurizing 
and bottling are done in the same room. Usually the pasteurizing 
vats are upon a half or mezzanine floor. It is important to have 
this milk-handling room separate from. other rooms in the plant. 

Fic. 7.—Receiving room with can washer. 

Bottle-washing room.—This room should be separate so that no 
steam or foul air can pass into the rooms where milk is handled. 

Clean-bottle storage room.—Between the bottle-washing room and 
the filling room many plants have a clean-bottle storage room where 
bottles are stored after being washed. This room must be cool and kept 
strictly clean, so that the bottles can coo] and be kept free from dust. 
or dirt. To obtain the best results, the air in the bottle-storage room 
is washed and artificially cooled. 

Milk-storage room.—aA. well-insulated cold-storage room is neces- 
sary to keep the milk cold after it is put into bottles. The construc- 
tion of cold-storage rooms is discussed on pages 12 and 24. 
Salesroom.—The salesroom at the front of the building should be 

attractive in appearance and should contain a counter, a refrigerator, 
and perhaps a few chairs and tables for customers. 
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Drivers’ room.—A. room connected with the office should be pro- 
vided in which drivers can score their books on returning from the 
routes. Bath and toilet facilities also should be provided for the 
drivers and men. 
Laboratory.—A laboratory for the bacteriological and chemical 

examination of milk is essential for all plants. Small plants need 
only a small laboratory, while large ones require a complete Jabora- 
tory with a full supply of chemical and bacteriological equipment. 

By-products room.—Space should be provided for handling by- 
products. Smali plants require space for making only small quanti- 
ties of butter, cottage cheese, and buttermilk, which sometimes may 

Fic. 8.—Filling and capping department. The bottles, after being filled and put in the 
cases, are sent on gravity conveyers to the milk-storage room. 

be done in the milk-handling room. In medium-sized or large plants, 
however, one or more separate rooms are required for the by-products 
department. 

. SIZE OF ROOMS. 

Each room in the plant should be large enough to avoid crowding 
the machinery or workmen, but at the same time there should be no 
unused space, for that causes extra labor in getting from one piece of 
apparatus to another. 

There is a wide variation in the size of the various rooms in milk 
plants, as well as in floor area per 100 gallons of bottled milk handled 
daily. These variations are due in a large measure to the lack of 
standardization of milk plants and to the fact that many have been 
constructed without consideration of important factors bearing on 
the size of rooms. 
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Measurements from 5 modern, well-arranged plants that were built 
after careful study as to size of rooms are shown in Table 5. These 
plants were built in recent years and are giving satisfaction in regard 
to arrangement of rooms and machinery. The figures given illus- 
trate the size of rooms that give satisfaction in modern plants. 

It is important that the receiving room be of ample size. A small 
receiving room soon. becomes crowded and “cluttered up” and is 
difficult to keep clean and attractive. There should be room enough 
to hold conveniently one or more truck loads of milk in cans and to 

Fic, 9.—Bottle-washing room. Note use of gravity conveyers. 

have plenty of room to handle the milk without crowding. It often 
happens that several loads of milk may arrive within a short space 

TABLE 5.—Floor space in various rooms of 5 well-arranged plants of 
various sizes. 

Total 
Quantity area for a 

of receiving ee ean- 
pottled [Receiving] Bottle: || Pas: | potting | washing, | MU | pottle 
milk room. vane peter room. | pasteuriz- moreee storage 

handled Mead 3 ing, and 2 room. 
daily. peeee 

‘Gallons. | Sq. ft. a Sq. ft. Sq. ft. Sq.ft. Sq.ft. Sq. ft. 
40 00 1,000 0 500 300 1, 800 450. 400 

1500) Wo ee ae 700 550 375 1) 625 a ee 
3,000 900 1,050 1,300 1,200 4,450 1,200 750 
4° 000 460 1, 886 540 700 3, 586 1,426 540 
6, 000 1,200 1, 908 720 720 4) 548 1110 720 

of time and unless there are storage tanks it will have to remain in 
the cans in the receiving room until it can be dumped. 

i sata 
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The size of the bottle-washing room depends somewhat on how the 
bottles are handled as they come from the delivery wagons. In 
case they have to be stacked in the wash room before being washed, 
a larger room will be required than if they pass directly from the 
delivery wagons to the washing machine and then on to the elean- 
bottle storeroom or the filling room. In case they do not have to be 
stacked, about all the space necessary is that required for the bottle- 
_washing machine and ample room for the workmen to get around 
the machine. If the milk cans are washed in this room, additional 
space will be required. 

Fic. 10.—Milk-storage room using direct system of cooling with cooling coils overhead. 

Note iron plates in floor. 

The clean-bottle storage room should be large enough to accom- 
modate conveniently at least all the bottles handled in one day. If 
it is desired to store more than a day’s supply of bottles at one time, 
the room necessarily would have to be larger. 

The pasteurizing room should be sufficiently large to contain the 
milk vats, clarifier, and pasteurizing equipment and still leave 
plenty of room for the men to work and to get around the machines 
for the daily cleaning. At some plants proper cleaning is often 
neglected because the men do not have space enough in which to 
work. 

The bottle-filling room may be smaller than the other rooms, be- 
cause usually the bottles pass continuously through it. When there 
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is no clean-bottle storage room, however, the bottle-fillng room will 

have to be big enough to store the clean bottles. It should also be 
large enough to allow plenty of room for the men to get around the 
filling machines for operating and cleaning. 

The milk-storage room must be of sufficient size to hold all the milk 
that is to be handled, with space to spare for an emergency. Space 
should be allowed for a passageway between the tiers of various 
kinds of goods, such as pints and quarts of milk and jars of cream. 
Too large a room, however, is wasteful and requires additional 
refrigeration. The ceiling need not be more than 8 or 10 feet high 
after allowing for brine tank or pipes. A room 15 by 16 feet pro- 
vides a space of 240 square feet. If cases of quarts are piled 6 high 
and pints 7 high, the space would provide for about 2,000 gallons 

of bottled milk in cases. Allowing space for the men to work and 
for emergencies, a room about 18 by 20 feet should be provided for 

~ 2,000 gallons of milk in bottles. A room 12 by 15 feet would pro- 
vide space for about 1,000 gallons of bottled milk. In order to 
economize on refrigeration and insulating material the room should 
be as nearly square as possible. The proportion of milk that has to 

be held over in storage is one of the causes of the variation in size 
of storage rooms, as some plants send milk out on delivery wagons 
immediately after bottling without going to the storage room. When 
large quantities of milk are stored in cans more space is required, as 
cans of milk can not be packed so closely or so high as milk in cases 
of bottles. 

’ The size of the by-products room depends upon the type of busi- - 
ness conducted, but ample space must be provided for the churn, 
cheese vats, and similar equipment, with plenty of room for the men 
to work. 

ARRANGEMENT OF ROOMS. 

The rooms in the plant should be arranged so as to necessitate a 
minimum expenditure for machinery and labor; they should be so 
laid out that the work can be carried on with the fewest possible 
steps. It is desirable that the bottle-washing room, for example, be 
handy to both the boiler room and bottle-filling room. In this way 
little steam is lost in transferring it from the boiler to the washing 
room and the washed bottles are readily transferred to the filling 
room. 

The bottle-washing room should also be so situated that the re- 
turned bottles may pass directly from the receiving platform to the 
washing machines. In some plants the bottle-washing room is di- 
rectly under or over the filling room, which may be convenient where 
there are facilities for elevating or lowering the bottles. If there is 
space enough, however, it is generally more convenient to have the 
washroom and the bottle-filling room on the first floor. 
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The location of the cold-storage room depends on various con- 
siderations, but if possible it should be situated so that the milk 
can go directly into it from the bottling room. It should also 
be accessible to the delivery wagons, so that they can be easily and 
quickly loaded. To save refrigeration only a minimum wall surface 
of the refrigerator should be exposed to outside air or sun. Usually 
windows are unnecessary in the refrigerator. If there are windows 
they should have three or more thicknesses of glass with spaces be- 
tween, and the glass should be covered with white paint to exclude the 
direct rays of the sun. When not needed all artificial lights should be 
extinguished, as they increase the room temperature. 
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STORAGE AND 

Sade i ROOM SALES ROOM 
12'x 1Z I2°x 6 12z' x 12! iz' x Rien 
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WASHER 

WASH ROOM 
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STEALIER 

Fig. 11.—Floor plan for a 1-story plant of about 500 gallons’ daily capacity, showing 

course of milk through plant. 

FASTE URI ZER 

COOLS) 

The doors of the refrigerator room should fit tightly, swing out- 
anil, and be adapted to quick handling. Doors swinging inward 
need the storage space considerably. A vestibule to the ones 
ator room, while taking up some extra space, prevents a colnet ue elle 
loss of refrigeration, 

ARRANGEMENT OF EQUIPMENT AND MACHINERY. 

Equipment should be arranged to permit easy cleaning. In some 
plants tanks are so placed that the man who cleans them has to 
squeeze in between the top of the tanks and the ceiling in order to 
reach them. Much time is saved by convenient arrangement and the 
cleaner will be less liable to neglect the work. 
Machinery should be placed so as to minimize labor requirements 

and to use space most economically. Another point to be considered 
in placing the machinery is the reduction to a minimum of conveyers, 
pumps, pipes, and fittings. This applies not only to milk piping but 
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also to water and steam piping. Large quantities of piping and 
fittings are expensive, cause extra labor, and in the case of milk 
pipes may be insanitary. The course of the milk through the plant 
should be as direct as possible from the receiving tank, through the 
clarifier, pasteurizer, and bottling machines to the cold-storage room. 
Mechanical conveyers should be used whenever labor and time can 
be saved; otherwise the extra expense incident to their use is not 
warranted. 
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Fig. 12.—Floor plans for a 14-story plant of from 1,560 to 2,000 gallons’ daily capacity, 

where butter also is handled. 
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At 73 plants the number of milk pumps used varied from none to 
4, and the milk piping used from none to 300 feet. A wide range 
occurred in plants in the same class, as well as in plants of the same 
size. For example, at 26 plants of class 4 the length of milk piping 
varied from 20 to 210 feet, and the number of milk pumps varied 
from 2 to 4, and at 20 plants handling from 2,001 to 5,000 gallons 
daily the length of the milk piping varied from 30 to 300 feet and the 
number of milk pumps from none to 4. 

Great lengths of milk piping cause extra labor and expense and 
tend to increase the loss of milk both from milk sticking to the sides 
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of the pipes and from leaks at joints. If piping must be used, it 
should be of simple and sanitary construction, with frequent unions 
to permit thorough cleaning and sterilizing after each use. It is im- 
portant to have all turns in the pipes easily accessible and easily 
cleaned. Elbows and tees are to be avoided as much as possible, but 
when they are used, openings at the end will facilitate cleaning. A 
right-angle bend may be used if there is space, for in this fitting 
there are no recesses in which dirt can collect. When such joints 
are used the piping may be more easily kept clean. 

The pumps as well as the pipes should be cleaned and sterilized 
each time after using. It is less objectionable to use milk pumps 
before pasteurizing than after, for milk pumped after pasteurization 
may be recontaminated if the pump is not clean, and the added 
agitation may injure the cream line. Pumps should be of sanitary 
construction and of sufficient capacity to do the work without being 
overtaxed. 

EFFECT OF ARRANGEMENT OF PLANT ON LABOR REQUIREMENTS. 

The number of employees required to carry on the various opera- 
tions in the plant depends to a large degree on the layout and size of 
rooms, arrangement of machinery, and size and type of building. 
Table 6 shows the number of men employed at 157 plants of various 
sizes. They include only those in the plant and in the boiler and en- 
gine rooms. In plants where ice cream is handled the time of the men 
in the power plant was prorated according to the quantities handled, 
and where there was a separate butter department the men who 
put all their time in that department were not included. The fig- 
ures given do not necessarily indicate the total number of men em- 
ployed at one plant, but one man indicates a full day for one man, 
as, for example, when the average number of employees is given as 
one, it may indicate that one man spends one-half of his time and 
two others one-fourth of their time each in the plant. 

TABLE 6.—Number of men employed in city milk plants of various sizes (men 
inside the plant only). 

, 3 Employ- 
Quantity of milk an : eesin Nana handled daily. Employees in plant. Seaties 

Capacity of plant. of 100 
plants. gallons a Re eS handled. 

Total. Average.| Total. | Average.| Variation. | Average. 

| 
Gallons. Gallons. | Gallons. 

Wipnto lOO eeosec cece c-cce 4 250 63 4.3 Ty | ton 3s. LY 
OMT ODO sae e seme cacccee 19 3,285 173 32.5 167) Palin ess 1.0 
DOL OW UO seer tee oe esse sees 31 12, 435 401 86.5 2.8 || 1:5. tobe... 2. otf 
SOMPOPAOOO Sere seieicc. = once 34 26, 885 790 193. 0 Ose | MaibOUloawee eee St 
1,001 OMS OOM ee Wicca wy 16 20, 750 1, 297 114.5 edi 2eolbOuliesenae 6 
1 501 GONZO00 Mae SSeS ee 11 19, 600 1, 782 126. 0 hie Oy | PO bOraLeeneeee -6 
2, 001 to 3, 000... 13 34,450 2,650 190. 0 14°61) 8 to 2 cee. . -6 
32001 to 5,000... 2 16 64, 650 4,041 328. 0 2005) |" tO'36.-s2 25. a) 
5,001 to 16,000... : 9 66, 700 7,411 294. 0 82.7 | 9 to 49....... 4 
Overs O;000 Sees eee ena. 4 69, 000 17, 250 343. 0 85.8 | 49 to 100..... a5 

Total or average..... -| 157 317, 975 2,025 | 1,711.8 10.9 | 1 to 100. 5 
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Notr.—Blue prints showing approved plans for milk plants of various sizes 

and arrangements may be obtained free on request, by those contemplating the 

erection of such plants, from the Dairy Division, U. S. Department of Agricul- 

ture, Washington, D. C. 
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The average number of men in each plant bears a very close rela- 
tion to the quantity of milk handled. It will be noted, however, that 
there is a wide variation in the number of men employed at the vari- 
ous plants in each group. Some plants employ six times as many 
men as others of the same size. Although some other factors are in- 
volved, such as the relative quantities of bottled milk handled, these 
figures effectually illustrate the fact that some plants are not oper- 
ated so efficiently as others, which is due, to a great extent, to the 
faulty layout and arrangement of rooms and machinery. Many 
plants could cut down their labor by a more economical layout of 
machinery and equipment, while others could reduce it by installing 
more labor-saving machinery. Some plants have too many floors or 
stories to be able to utilize labor efficiently. For example, it is often 
necessary to have a set of men with a foreman on each floor. It can 
be readily seen that a plant with four or five floors requires more men 
and can utilize labor less efficiently than a plant handling the same 
quantity of milk with only one or two floors, although the latter plant 
may have nearly as much floor space as the larger building. The 
gravity system of milk handling (which is now generally recognized 
as the most efficient) can be used as well in a plant of 24 stories as in 
one of 4 or 5 stories. By having the pasteurizing equipment on a 
mezzanine floor, practically all the milk handling can be done in one 
room; the gravity system of handling can be used and the number of 
men can be reduced to a minimum. 

SANITARY REQUIREMENTS. 

WATER SUPPLY. 

An abundant supply of water should be available at the plant at all 
times. Large quantities of water are required for pasteurizing and 
cooling, for boilers and refrigerating machinery, and also for wash- 
ing purposes. The quantity required for washing bottles and cans 
and cleaning up milk apparatus is considerable, and, besides, there 
are the requirements necessary for keeping the floors and walls well 
washed. Table 7 gives the quantity of water used at several plants of 
varlous sizes. 

TABLE 7.—Quantity of water used at milk plants of various sizes. 

Quantity of water used 
Average Quantity of water used daily. daily per 100 gallons 
quantity milk handled. 

Capacity of plant (gallons). of milk 
handled 

daily. Average. Variation. Average. Variation. 

Gallons. | Gallons. Gallons. Gallons. Gallons. 
Upto 1, 000} Seccnetese Soeccece 500 4,800 (4) 96 1 
LODE COI D000 ens Sete eka nono 1, 566 14,255 | 11,000 to 18,300. .....-- 909 | 520 to 1,220. 
2 O00 8:000M see ee eo occ = cee 2,692 115-722) |36,(10'to 17,235 2252-2222 | 436 | 287 to 580. 
3001 t0 5,000. co. coos sccecenccn st 3,500 17,735 | 3,070 to 32,400........- 509 | 77 to 1,080. 
S00L Co LO; 000s ooo Seco acne 6, 788 16,135 (4) 238 1 
Over10: 000 sso sesasteeasoaecs 15,999 112,007 | 102,000 to 122,015..-.... 700 | 611 to 850. 

1 Only 1 plant in group. 
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STEAM. 

It is important that all milk-handling equipment be sterilized im- 

mediately after washing, and plenty of live steam must be available. 
A convenient arrangement is to have a valve connected with the city 
water and with the steam system. By the use of such connection 
either hot or cold water or steam is made available. (Hot water can 
be obtained by turning on both the water and steam valves.) 

VENTILATION. 

Good ventilation is essential in a milk plant in order to get rid of 
the bad air and moisture and to insure pure air. In many plants the 
ventilation is inadequate, often being obtained by means of windows 
and doors only. It is difficult to get good ventilation by this method. 
Even in a medium-sized plant exhaust fans should be used to take 
out the bad air and moisture. Many modern plants have an arti- 
ficial system of ventilation by which air as pure as can be obtained 
is drawn through a filter or through a spray of water and then forced 
by fans through flues into the rooms. The openings from these flues 
or ducts into the rooms may be near the ceiling or near the floor, but 
usually they are about midway between. By heating or cooling the 
spray of water thé temperature of the air in the rooms may be con- 
trolled to a certain extent. 

In large plants the process of filtering air consists in forcing it 
through one or more thicknesses of cheesecloth, or cloth and absorb- 
ent cotton. The air is forced into the room through the filter under 
a small pressure, so that the used air has a tendency to pass out- 
ward through the openings near the ceiling provided for outgoing 
air. All air coming into the room must pass through the filter, which 
should be changed often. At some plants before the air is forced 
into the rooms it is cooled in summer by passing over brine coils and 
warmed in winter by passing over steam coils. 

For a medium or small plant there should be some system of arti- 
ficial ventilation. A flue system similar to that used in dairy barns 

‘is quite efficient and is not expensive. By simply installing outlet 
flues through which the air can pass out and allowing air to come in 
through the windows, fairly good ventilation can be obtained. 

In many plants the cold-storage room is very poorly ventilated. 
It is, of course, impracticable to have open windows in this room; 
consequently if an artificial system of ventilation is not used the 
ventilation is poor and the best results are not obtained from the 
cooling coils. There is also a condensation of moisture on the ceiling 
and a constant dripping, which is very uncomfortable and insanitary. 

In plants where artificial ventilation is impracticable considerable 
improvement can sometimes be made by using an ordinary electric 
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fan, which will keep the air in circulation and produce better results 
from the cooling coils. 
A considerable number of modern plants have an _ indirect 

method of cooling the cold-storage room which also serves as a ven- 
tilating system. The air is blown over bunkers or refrigerating coils 
in another room and then through flues into the cold room. The 
cold air drops as soon as it reaches the openings in this room and 
the warmer air passes out through other openings and is again 
drawn over the refrigerating coils, so that a constant circulation of 
clean, dry, cold air is maintained. 

Fria. 14.—Milk-storage room with indirect system of cooling. Note flues through which 

the cold air is fanned into the room, also system of conveying the milk into the 

room from the bottling room. 

MISCELLANEOUS REQUIREMENTS. 

Sereens should be attached to all windows and doors during the 
fly season. The screens should be outside and open outward. The 
receiving room especially should be well closed in and screened, and 
self-closing doors should be attached to the room as well as to others 
through which workmen pass continually. Electric fans will also 
aid in keeping flies away from the milk and equipment. Double 
doors at the entrance of the plant with fans blowing toward them 
will greatly aid in keeping the flies out. 

It is important to have a special room for the drivers and other 
employees. In this room a locker for each man’s working clothes is 
essential, and shower baths and toilet facilities should be provided 
in an adjoining room, 
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The milk plant frequently can operate a laundry to advantage, 
especially if the men’s white working suits are washed by the plant. 
If cleaned at the milk plant’s expense the men will be more likely to 
change them often. 

Aside from the general toilet facilities it is advisable to have a 
washbowl, with soap and towels handy, in the milk-handling room. 
Employees in the handling room often get their hands dirty from 
setting up machinery, handling bottles, cases, etc., and it 1s essential 
to have a convenient place for them to wash their hands before 
handling sterilized bottles or engaging in other operations concern- 
ing milk. 

Milk apparatus should be covered so as to expose the milk to air 
as little as possible. This caution refers especially to vats, coolers, 
and bottling machines. 

Those dealers who have a business large enough to warrant. the 
maintenance of a laboratory for the careful supervision of the 
quality of milk are in a much better position to safeguard the milk 
which goes out from their plants. 

COST OF PLANT. 

The amount of money that must be invested in a milk plant depends 
primarily upon the volume of business to be carried on. Whether 
it is desirable to erect an expensive building depends on local condi- 
tions. To give some idea of the cost, Table 8 has been compiled to 
show the investment in building at 84 representative milk plants of 
different sizes. In some cases if sufficient capital is not available it 
may be desirable to rent a building for a time rather than build a 
new plant, but if a new one is built it is advisable to erect a 
permanent, sanitary building of modern construction. While the 
first cost may be high, the permanent nature of the building will 
make the actual overhead expense for depreciation relatively small. 

TABLE 8.—Investment in buildings for milk plants of various sizes; stables or 
garages for delivery equipment not included. 

Milk handled Investment in milk | Investment per 100 gallons 
Num- daily. plant. handled daily. 

Size of plant (gallons). ber of |_ 

Total. | Average.| Total. | Average. | Average. Variation. 

Gallons.| Gallons. 
430 LOMorslesssas se 2 eee ee 5 86 $9, 000 $1, 800 $2,093 | $1,000 to $7, 143 

LOM TO;Z50 Se eecccceeesiee. 9 1, 935 215 18, 000 2,0 930 217 to 3,000 
Zot OOOO Eee eeecen alee. 23 9, 065 394 86, 900 3, 778 958 200 to 6, 000 
OORT OMSOOO Re eee tenersae 14 | 10,655 761 110, 335 7, 881 1,036 200 to 2,063 
1,001 to 1,500..-..--2 222222. - 10 | 13,040 1,304 142, 546 14, 254 1, 093 333 to 2, 917 
OOM GOIZ O00 Neen oe eee eee 5 9, 1,840 116, 000 23, 200 1, 26 250 to 2,000 
2,001 to 3,000... ..-....-..--- 4| 10,383 2, 596 127, 074 31, 768 1, 224 126 to 2,252 
3,001 to 5,000..-.....----..-. 8 | 33,350 4,169 436, 763 54, 595 1,30 268 to 2,000 
5,001 to 10,000..........-- Bo 3 | 26,000 8, 666 450,000 | 150,000 1,731 1,250 to 2,500 
Over 10,000 Bie ayainsee nic ie lerspate terete 3 | 39,000 13, 000 534, 775 178, 258 1,371 1,233 to 1,500 

Total or average... .-.. 84 | 153, 058 1,822 | 2,031, 393 24, 183 1, 327 126 to 7,143 

1 These figures are based on conditions 0 1916-17 
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Great variations in investments in plants of the same group were 
noted. In the group handling from 251 to 500 gallons of milk daily 
this variation was from $600 to $10,000. The wide variation was 

largely due to the fact that some of the plants were old wooden build- 
ings not at all suitable for the purpose, while others were modern 
buildings of permanent construction and in some cases much more 
expensive than was necessary. 

It will be seen in Table 8 that while the average investment is di- 
rectly proportional to the quantity of milk handled, the average in- 
vestment per 100 gallons handled daily varies considerably. This 
investment is the highest for plants handling less than 100 gallons. 
Plants of that size usually have a relatively high overhead expense 
on account of the investment in buildings, except when cheap or tem- 
porary buildings are used. 

Plants handling from 101 to 250 gallons daily had an average in- 
vestment of only $200 higher than plants handling 100 gallons or 
less and also had the lowest investment per 100 gallons handled of 
all groups studied. Apparently this size of plant is economical so 
far as investment in building is concerned. As a general rule the in- 
vestment per 100 gallons handled increases with the size of the plant 
up to 10,000 gallons. This is due to a large extent to the fact that 
the general tendency is for the larger-sized dealers to have more 
elaborate plants. Although more expensive they serve as an adver- 
tising medium. The plants handling more than 10,000 gallons were 
equally well appearing, but the large quantity handled brought down 
the investment per 100 gallons. Since these figures were obtained. 
there has been a great increase in the cost of materials, labor, and 
supplies. 

CONCLUSIONS. 

1. Conditions should be thoroughly investigated “and found to be 
favorable before attempting to establish a milk plant. 

2. For large plants the assistance of a competent architect in 
making plans is required. Plans for a small plant can often be 
drawn without such aid. 

3. Favorable location of the milk plant is important. In general 
there are three locations that may be selected for the plant: (1) In 
a wholesale district; (2) in a down-town retail section; (3) in a 
residential section. Each of these has its advantages and disad- 
vantages. 

4, Plants may be classified, according to the way the milk is 
handled, into 6 classes. Gravity plants are to be desired, but often 
the labor required to operate plants of two or more stories is greater 
than in 1-story plants. 

5. Large plants are usually of two or three stories. 
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6. The milk plant should be modern in every way and should be 
of good appearance from an architectural point of view. 

7. Up-to-date plants are usually constructed of bricks, concrete, 
or hollow tile, finished on the inside with smooth cement, and on the 
outside with stucco. 

8. Inside walls should have a smooth finish. Tile or enamel brick 
are desirable for the bottling and pasteurizing rooms. 

9. Concrete floors are desirable in all milk plants. Tile floors in 
the bottling rooms add to the appearance. 

10. Floors must be well drained and have proper connection with 
the sewer. 

11. Economical arrangement of the plant is important. There 
should be an outside loading and receiving platform. It is more 
economical of labor and time to dump the milk into a tank on the 
ground floor and then pump it rather than raise it by conveyers or 
elevators. To unload the milk truck on the inside of the building is 
an uneconomical arrangement. 

12. Where a large number of delivery wagons are to be loaded, 
loading through 2 or more chutes direct from the storage room will 
save time. Wagons should be loaded from an exterior platform, 
and conveyors are more economical in the use of labor and time than 
hand trucks. 

13. In unloading the delivery wagons a conveyer system often 
saves time and labor. 

14. For convenience, economy, and sanitation the plant should be 
divided into the following separate rooms: Receiving room, pas- 
teurizing or handling room, bottling room, wash room, by-products 

room, milk-storage room, salesroom, offices, laboratory, etc. 
15. Each room should be of ample size to accommodate the equip- 

ment it contains, with sufficient space for the men to work and to 
clean the equipment, but there should be no waste space. 

16. The rooms in the plant should be so arranged as to necessitate 
the minimum expenditure for machinery and labor, and so laid out 
that the work can be accomplished with the fewest possible steps. 
There should be a minimum of milk piping and pumps, for both 
economical and sanitary reasons. 

17. Poorly arranged plants tend to increase the labor requirements. 
18. The plant should be sanitary in every way; plenty of water and 

steam should always be available; good ventilation and light are 
essential. ' 
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SOURCES OF INFORMATION. 

HE FACTS upon which this discussion is based were procured 
primarily for the purpose of acquainting the tenants in any of 

of the principal wheat-producing States with the methods of renting 
in vogue in other parts of the region. It was thought, also, that 
the information collected would be welcomed by both landlords and 
tenants as increasing their knowledge concerning the renting of farms 
in their own localities. 

The material here presented was gathered in the spring of 1917, 
from tenants who were visited on their farms in the various localities 
chosen for the inquiry. Two considerations governed the selection 
of the counties to be visited, viz, the relative importance of the wheat 
crop and the per cent of tenancy. The desired combination of con- 
ditions seemed most likely to be found in Barton County, Kans.; Clay 
County, Nebr.; Spink County, 8. Dak.; Barnes County, N. Dak.; 
and Renville County, Minn. (For the location of the counties visited, 
see fig. 1.) The number of records obtained in these counties, in the 
order named, was 80, 91, 79, 71, and 82, respectively. 

DESCRIPTION OF AREAS. 

When comparing ways of renting in any one county with those 
of another, it should be taken into account that though each of the 
counties in which investigations were made is situated in a typical 
wheat-producing area, the organization of the farms and the practices 
differ more or less on account of differences in geographical location. 

161584°—20 
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Barton County, Kans., is about the center of the great winter- 
wheat producing area of the Great Plains. Spink County, S. Dak., 
and Barnes County, N. Dak., also in the Great Plains, are located in 
the center of the principal spring-wheat producing area of the United 
States. In Barton County farms were between 300 and 400 acres in 
size, and in the more northern of the counties just mentioned they were 
somewhat larger. In each of these counties about half the farm land 
wasinsmall grain. In Barton County nearly all the grain was wheat. 
In the three other counties about one-third was flax, barley, emmer or 
speltz, and rye, thus indicating greater diversity of small grain. On 

N. DAK, 

Barnes Y) \ 

Renville 

KAN S&S. 
GZ Barton 

Fic. 1.—Shaded areas indicate counties in which records were obtained, 

the basis of hay and forage production, available pasture, and by- 
products, the counties have approximately equal carrying capacity 
for live stock. Rainfall is the most important factor influencing 
yields of wheat, which, broadly speaking, vary from 5 to 20 bushels 
per acre, the average being about 13 bushels. 

The most distinguishing characteristics of farming in these counties 
are the high percentage of farming Jand in broadcast crops and the 
absence of clover and grasses in rotation. Although a small acreage 
on each farm frequently is devoted to alfalfa, this crop does not take 
the place of clover and grasses, which in general mixed farming are 
so important a feature in rotation with other crops. 
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Clay County, Nebr., and Renville County, Minn., represent typical 
farming along the border of the Corn Belt. Clay County is on the 
western edge of the Corn Belt in the winter-wheat zone, while Ren- 
ville County is near the southern boundary in the spring-wheat zone. 
In each of these counties corn about ranks with wheat, and clover and 

grasses are of some importance in crop rotations. These character 
istics, together with the fact that the capacity of the farms to carry 
live stock is high, would tend to make agriculture in these counties 
of the general mixed farming type. The average yield per acre of 
wheat is from 2 to 3 bushels higher than in the counties first men- 
tioned and the risk in farming is somewhat less, owing to the greater 
importance of live stock and to greater diversity of crops. 

SYSTEMS OF RENTING FOUND. 

Six distinct systems of renting were found in the localities visited. 
These systems are named after the share of the crops the landlord 
receives, or from what is paid for the use of the land. They are 
classified in Table I in the order of their relative importance. Under 
the first four, the landlord is given a share of the crops only, as 
one-third, two-fifths, one-half, or two-thirds. The fifth system 

gives the landlord a half share of both crops and stock, and the 
sixth is a cash rent system. 

TaBLE I.—Comparative percentage of tenants who rent under each system of renting found 
in the different locations. 

Landlord’s share of crops. 

Locality. 
One-half : One- Two- One- Two- Renting 

third. | fifths. | half. | thirds, [OPS22¢| for casn.| Total. 

Per cent. | Per cent. | Per cent. | Per cent.|Per cent. |Per cent. | Per cent. 
79 4 9 2 100 Kansas: Barton County......-.-- 3 3 

Nebraska: Clay County....-.--- 75 20 3 0 0 2 100 
South Dakota: Spink County... 42 0 53 0 24 23 100 
North Dakota: Barnes County. . 7 0 88 0 5 0 100 
Minnesota: Renville County - ..- 61 U 15 0 2 15 100 

ONE-THIRD SHARE. 

Under this system, the landlord receives one-third of the grain, 
usually delivered from the thrashing machine but sometimes tem- 
porarily stored in bins on the farm. He furnishes land, dwelling, 
barn, and usually all other farm structures; fences, material for 
repairs and skilled help for making repairs when necessary; grass 
seed when sown; and usually pays the real estate and road tax. 
The tenant furnishes all labor, work stock, machinery and tools, 
grain seed, and pays for the twine and the expense of thrashing. 
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_EXCEPTIONS. 

In the southeastern part of Clay County, Nebr., if the landlord 
receives one-third of the crop the tenant sometimes pays all or a 
part of the real estate tax. On these farms the tenant usually owns 
all the farm fences and structures except the dwelling, barn, and 
wind mill, and must keep them in repair at his own expense. When 
such tenants move, they may remove their fences and structures 
or sell them to the incoming tenants. On these farms pasture and 
hay land are usually rented at a lower cash value than on other one- 
third share rented farms. In a few of these cases the landlord receives 
two-fifths of the corn and one-third of the other crops. 

In Spink County, S. Dak., under this system the corn is frequently 
taken by the landlord at the farm. On 60 per cent of the farms 
rented for one-third share visited in Barnes County, N. Dak., the 

tenant delivered the grain at the elevator, and on 40 per cent of 
them the landlord received it on the farm or paid the tenant for 
its delivery. On 90 per cent of the farms renting for one-third 
share that were visited in Renville County, Minn., the tenant deliv- 
ered the landlord’s part of the grain at the elevator, and on 10 per 
cent of them the landlord either received it on the farm or paid the 
tenant for hauling it to the elevator. On all of the farms rented 
for one-third share visited in North Dakota the tenant secured 
land free of charge, in leu of summer fallow, for an intertilled crop 
such as corn or potatoes and also for millet. 

ONE-HALF SHARE. 

When the tenant gives half the crop as rent, the landlord, in addi- 
tion to what he furnishes under the one-third share system, sup- 
plies all the small grain seed, pays half the thrashing machine bill 
and sometimes pays for half the twine, and receives half the small 
erain delivered at the elevators. The tenant’s obligations under 
this system differ from those under which he gives one-third only 
in regard to the supply of grain seed and to the thrashing and twine 
bills. Where land is rented for half the wheat, corn ground and 
sometimes ground for other grain is farmed for one-third of the 
crop, delivered. 

EXCEPTIONS. 

On the farms visited in Barton County, Kans., which rented for 
a half share, the spring crops, generally of comparatively small 
acreage, were usually produced on the one-third share rent basis. 
In Spink County, S. D., where the chief crop is wheat, the small 
acreage in corn is divided on the one-third and two-thirds basis, 
and the landlord gets his part of the crop in the crib, though the 
landlord may get half the corn crop by gathering the half at his 



RENT CONTRACTS IN THE WHEAT BELT. 5 

own expense. On 14 per cent of the South Dakota share-rented 

farms corn land is paid for in cash at from $2 to $3 per acre, and on 

2 per cent of them the tenant has corn land free. 

On about two-thirds of the farms renting for one-half share in the 

North Dakota area, the landlord receives his half of the small grain 

on the farm or pays for its delivery, and on one-third of them the 

tenant delivers the grain free of charge to the landlord. In the 

North Dakota area where land is rented for a share of the crop, the 

tenant is usually given land free for millet or an intertilled crop, 

in lieu of summer fallow. 
On half of the half-share rented farms visited in the Minnesota 

area the grain is delivered at the elevator, and on the other half it 

is either delivered on the farm or the landlord pays for its delivery. 

In the Minnesota area, most of the landlords receive but one-third 

of the corn, or the tenant pays cash for corn land at the rate of from 

$3 to $4 per acre. Here, also, instead of sharing the thrashing ma- 

chine bill equally, the cost per bushel is sometimes shared so that 
the landlord pays one cent per bushel less than the tenant pays. 

TWO-FIFTHS SHARE. 

If the landlord receives two-fifths of the crop, both landlord and 
tenant contribute the same as under the system in which he receives 
one-third, although instead of getting one-third of the crop delivered, 
he gets two-fifths of it delivered. It will be noted from Table I 
that none of the farms visited in North or South Dakota are rented 
under this system. 

The only exception found to the custom of delivering the land- 
lord’s grain in the case of any of the farms renting for two-fifths share 
that were visited, was in one instance in Minnesota, where the land- 
lord received his corn on the farm. 

ONE-HALF SHARE OF BOTH CROPS AND STOCK. 

When the crops and stock are divided equally between the landlord 
and tenant, the landlord, in addition to what he contributes under 
the system in which he receives one-third, owns half the productive 
stock except poultry, and bears half the general farm expenses 
except those for labor and repairs to machinery; while the tenant 
supplies all the labor, owns all the work stock and farm machinery, 
keeps the machinery in repair, and owns half the productive stock. 
Under this system each of the contracting parties gets one-half of 
all farm sales except those from poultry or work stock, all of which 
‘go to the tenant. When farms are rented for a share of crops and 
stock, the lease provides whether the tenant’s work stock may or 
may not be fed from the grain and hay owned in common and fed 
to the other stock. 
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On the farms visited no exceptions were found to the method of 
renting for half share of crop and stock, as outlined here. 

TWO-THIRDS SHARE. 

Under the renting system, according to which the landlord receives 
two-thirds of the crops and which, as will be seen from Table I, 

was found only on a few farms in Kansas, the landlord furnishes 
everything but the man labor, that being the tenant’s only con- 
tribution. Under this system the tenant receives one-third of the 
grain only, while the landlord receives two-thirds of the proceeds from 
the sale of grain and all proceeds from the sale of stock. 

THE CASH-RENT SYSTEM. 

A few of the farms in each locality, except in the North Dakota 
area, were found to be rented for cash. In the Kansas area a quarter 
section rented for from $500 to $600 cash per year. On cash-rented 
farms with considerable alfalfa the tenants were satisfied, but on 
the farms without this crop they intended to give up their leases. 

In the Nebraska area the average price paid for cash-rented farms 
was $3.67 per acre, including crop land, farmstead, hay, pasture, 
and waste.’ In the South Dakota area a few farms were found 
renting for cash at from $1.50 to $3 per acre for the entire farm, and 
in the Minnesota area 15 per cent of the tenant farmers paid cash 
rent. The rent there varied from $2 to $6.25 per acre for the entire 
farm. 

CONDITIONS OCCURRING IN ALL SYSTEMS. 

In general, under all of these systems of renting the landlord 
furnishes land, buildings, and grass seed, and pays the real-estate 
tax. He also supplies material for the repair of buildings and 
fences, and usually employs any skilled labor needed for making 
repairs. In all of these localities, however, land was frequently 
rented without buildings, and on some of the Nebraska farms visited 
the tenant owned all the farm structures and fences except the 
dwelling, the barn, and the windmill. On the share-rented farms 
visited in the Nebraska area the tenant sometimes paid a part or all 
of the real-estate tax. 

Under all of these share-rent systems, except the one according to 
which both crop and stock receipts are divided and the landlord gets 
two-thirds of the crop, all productive stock is owned by the tenant, 
who gets all the income derived therefrom. However, the amount 
of such stock is too frequently limited by his acreage of pasture and 
hay land, by the amount of corn or rough feed he is allowed to grow, 
and by the shelter that is provided for such stock. 
On the share-rented farms the use of hay land was usually paid 

for in cash, but was sometimes given free to the tenant; frequently it 
was rented for a share of the crop, and in some cases there was no 
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hay land on the farm. Pasture was sometimes free to the tenant, 
but in many cases was paid for in cash. Sometimes the farm pasture 
was used in common by both landlord and tenant, and in some cases 
there was no pasture. 

MINOR FACTORS CONCERNED IN RENTING OF FARMS. 

Several minor factors not heretofore emphasized but exerting an 
important influence in the relation of landlord to tenant are con- 
cerned in the renting of farms. Among these are the terms for 
securing pasture and hay lands by the tenant, the distance from the 
farm to market, the value of the land, and the value of the farm 
buildings. 

HOW THE TENANT OBTAINS PASTURE ON SHARE-RENTED FARMS. 

In the localities in which this investigation was made tenants 
obtain pasture on share-rented farms in several ways, as can be seen 
from Table IT. 

TaBLe II.—Comparison of terms of renting pasture lands. 

Methods of procuring pasture. 

Average 
cash 

Locality. Tent per Pasture |Cashrent) Farms 
acre Eesute usedin | paid for | without | Total. 
P : * |common.)| pasture. | pasture. 

Per cent.| Per cent. | Per cent.| Per cent.| Per cent. 
iKansas:ebarton County... 5... 222-25----5- $1. 25 0 8 34 18 100 
Nebraska: Clay County .......-...-------- 2. 60 7 3 80 10 100 
South Dakota: Spink County.-....-...-.-... 2. 20 26 il 48 15 100 

North Dakota: Barnes County....-------- 92 35 10 - ae 20 100 

Minnesota: Renville County.............. 2. 38 7 Gal eee tle 8 100 

a These percentages of the tenants in the North Dakota and Minnesota areas secured pasture in return for 
working out the farm road tax. 

Much of the pasture in all the areas visited was free to the 
tenant, but in a large percentage of cases the pasture was either paid 
for in cash or the tenant worked the farm road tax for it. Relatively 
more farms were without pasture in the counties visited in North 
Dakota and Kansas than in the other areas. This lack of pasture 
may have influenced the landlords to give the tenants in these States 
a few acres for forage crops free of rent, as this was done more fre- 
quently here than in other areas visited. 

HOW TENANTS OBTAIN HAY LAND ON SHARE-RENTED FARMS. 

Some tenants in each of these localities procure their hay land free 
of charge, others rent for cash, and still others on shares. Table ITi 
shows the comparative methods of renting hay land and the price 
per acre where cash is paid. 
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TaBLE III.—Comparative methods of renting hay lands. 

Tenants giving— 
Tenants | Tenants | Tenants Bees Average 

Locality pee Men peng cosh paid 

tee hay | cash for | no hay | one-half |One-third|One-third| 20" hay 
Jand. |hayland.| land. | in stack. | in stack. |delivered.| 1424. 

Per cent. | Per cent.| Per cent. | Per cent. | Per cent. | Per cent. 

Kansas: Barton County.....-.-- 11 10 44 25 10 0 { py: Pe 

Nebraska: Clay County......-.- i 59 il 21 2 2 ee 20 

South Dakota: Spink County... 4 53 29 {2 2 0 7 55 oe 

North Dakota: Barnes County.. 40 me \ - 45 18 2 0 £95 

Minnesota: RenvilleCounty.... 10 Me \ 9 10 12 3 2.70 

a Alfalfa, 
b Wild. 

a These ereeas ofthe tenants in the North Dakota and Minnesota areas secure hay land in return for 
working out the farm road tax. 

Many of the Kansas and South Dakota tenant farms are deficient 
in hay land. Tenants in the Kansas area frequently pay as much as 
$10 an acre for alfalfa hay land located off the farm, alfalfa lands 
commanding a higher rent than any other farm land in that locality. 
The deficiency of hay land on the farms in the South Dakota area 
was supplied by wild hay from the school lands which are still 
abundant there. 

PASTURING WHEAT AND THE DIVISION OF STALKS AND STRAW. 

PASTURING WHEAT. 

In the Kansas and Nebraska areas where winter wheat is grown, 
the tenant is sometimes allowed to pasture wheat at his discretion, 
it being understood that it will not be pastured either in very dry 
or very wet weather. In many instances the pasturing of grain is 
forbidden in the contract. 

STALKS. 

The cornstalks are nearly always the property of the tenant, 
but he may not have the stock to make proper use of them, and that 
use is often limited by the lack of fencing. In the Minnesota area, 
the only one of the localities visited where wheat was not the pre- 
dominant crop, more corn is raised by the average tenant, who keeps 
more stock and makes more effective use of farm forage. 

STRAW. 

The tenant with rare exceptions has the use of all the straw produced 
on these farms. He generally feeds most of the oat straw, uses some 
of the wheat straw for bedding, some for mulching potatoes or young 
trees, and may scatter some of it on the land, but except in the 
Minnesota area most of the wheat straw is burned. 



RENT CONTRACTS IN THE WHEAT BELT. 9 

DISTANCE TO MARKET. 

In the Kansas area the average distance of the farms visited from 
market is 4.5 miles; in the Nebraska area 3.6 miles; in the South 
Dakota area 4.4 miles; in the North Dakota area 5 miles; and in 
the Minnesota area 5.6 miles. Very few of the farms are more than 
9 miles from the market, and the share of the crop given in no case 
appears to differ on account of the distance to market, except that 
the average distance to market of the farms renting for two-fifths 
share is less than the average distance of those renting for one-third 
share in all the localities where these proportions are in vogue. 

Free pasture as well as cheaper hay land was more frequently given 
to the tenants farthest from market, and tenants farther from market 
were more frequently paid for delivering the landlords’ grain than 
were those near the market. 

VALUE OF LAND AND BUILDINGS. 

It was not always apparent in this investigation that the value of 
land or of the buildings were factors in the determination of the 
share-rent paid. In all the localities visited where farms were 
rented for both one-third and two-fifths share, the land was of the 
greater value on those renting for the greater share. In Kansas and 
Minnesota the farms renting for two-fifths of the crops had buildings 
of much higher average value than those of the other farms, but in 
the Nebraska area the farms renting for two-fifths of the crops had 
outbuildings of less value than those renting for one-third. The 
comparative values of land and buildings and the average farm areas 
are shown in Table IV. 

TasBLe 1V.—Comparative value of land and buildings on the farms visited. 

Average acres and estimated values. 

F Value of out- Value per acre. Value of dwellings. buildings. 

Localit pores y- per Farms | Farms Farms) Farms Farms} Farms 
farm. rent- | rent- rent- | rent- rent- | rent- 

All jing forjimgfor| All /ingfor|ingfor| All |ing for] ing for 
farms.| one- | two- |farms.| one- | two- |farms.] one- | two- 

third | fifths third | fifths third | fifths 
share. | share. share. | share. share. | share. 

Kansas: Barton County....... 336 $80 $73 $83 |$1, 266 |$1,013 |$2,133 | $925} $830 | $1,100 
Nebraska: Clay County....... 225.) 115 | 113 |) 113°) 1, 026.| 1,022) 1,027 | 730] 726 545 
South Dakota: SpinkCounty.| 427 65 yn Abeer 844 830)| 255-4 744 C3S:||easegor 
North Dakota: BarnesCounty.| 489 | 60 AG" | 32 Peciee 1 IG YaSF| | SOR RT ae ene U194-) 1300)|- a5. 526 
Minnesota: Renville County..}| 202 115 145 145 981 660 979 909 950 964 

| 

SHARE RENT OF LAND WITHOUT BUILDINGS. 

Some of the tenants in each area visited had found their farms too 
small and were renting additional land without buildings. Some 
farmers interviewed were owners of farms too small for their needs, 
and rented outside land, not necessarily provided with buildings. 
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In the Kansas area 25 per cent of the records taken related to such 
farmers. In the latter case the lack of improvements did not affect 
the share of the crop given for the use of the land. In none of the 
other regions visited did such a large percentage of the tenants rent 
additional land without buildings, and when renting such land they 
usually gave a smaller share of the crop, or received hay and pas- 
ture either free or for less than their actual value. 

LEASES. 

In both the Kansas and Nebraska areas there were more oral 
than written leases; in South Dakota written and oral leases were 
about of equal frequency; but in North Dakota and in Minnesota 
most leases were written. As seen from Table V, there was a greater 
percentage of parent landlords in Kansas, Nebraska, and South 
Dakota than in the other States. The fact that leases on farms 
rented by parent landlords are nearly always oral accounts in part 
for the preponderance of the oral lease in these States. Landlords 
in general desire experience with a tenant before entrusting him with 
their farms without the written contract. This fact can also be seen 
from Table V, where it is shown that tenants on farms for the first 
year are usually under a written contract. 

TaBLE V.—Comparative data concerning leases and the lease period. 

Proportion of leases— ; 

For first year on 
Locality. For longer Given by farin 

‘ : Ener ime paren Written. | Verbal. | Yearly. than iene 

one year.| lords. Written. | Verbal. 

Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
5 75 90 10 25 44 56 Kansas: Barton County.......- 25 75 

Nebraska: Clay County........ 40 60 97 3 25 53 47 
South Dakota: Spink County. . 48 52 95 5 20 100 0 
North Dakota: Barnes County. 60 40 73 27 16 92 8 
Minnesota: Renville County... 59 41 75 25 15 76 24 

THE LEASE YEAR. 

In the Kansas area visited the chief crop (wheat) is usually thrashed 
and disposed of by August 1, and the lease year usually begins on that 
date. Highty-eight per cent of the tenants visited in the Kansas 
area stated that their lease year begins August 1 and only 12 per cent 
that it begins in the spring. In the Nebraska area the lease year 
begins in the spring, the period on nearly all tenant farms running 
from March to March. In the South Dakota area, with 27 per cent 
of the tenants the leases begin in the spring, usually March 1, while 
with 73 per cent the leases begin in the fall, usually on October 1. 
In the North Dakota area 54 per cent of the leases begin in the spring 
and 46 per cent in the fall. 
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In Renville County, Minn., about half of the leases on the farms 
visited begin in the spring (March or April), while half of them begin 
in the fall (October or November). A few of the leases here begin in 

the spring and end in the fall or winter, or vice versa, the lease period 
in these cases being for more than one year. 

TENANTS’ PREFERENCES AND PROSPECTS. 

PREFERENCE AS TO LEASE PERIOD AND SHARE OR CASH RENT TO BE PAID. 

As seen from Table VI, from 60 to 86 per cent of the tenants in the 
localities visited prefer the long lease, and from 85 to 100 per cent 
prefer share to cash renting. 

Taste VI.—Tenants’ preferences as to length of lease and cash or share rent. 

Proportion of tenants— 

: Who prefer— Who prefer— 
Locality. Indiffer- Indiffer- 

tea on Bue ents 
e long ength o to how 

lease (5 to pie short lease. |Sharerent.| Cashrent.| paid. 
10 years). 

Per cent. | Percent. | Percent. | Percent. | Percent. | Per cent. 
Kansas: Barton County............- 70 20 10 96 1 3 
Nebraska: Clay County..........-.. 86 2 12 93 2 5 
South Dakota: Spink County....... 77 3 20 96 0 4 
North Dakota: Barnes County....-- 60 20 20 100 0 0 
Minnesota: Renville County..-...... 70 23 7 85 15 0 

THE LANDLORD’S OPINION AS TO THE LONG LEASE. 

Landlords were seldom questioned in any of the areas visited, but 
some expressions were obtained from them as to the proper lease 
period. The following quotation from a letter of one of the owners 
of a number of rented farms in North Dakota shows the general 
attitude of the landlord toward the lease period: 

Itis our custom to make annual leases only and in this we differ from many authori- 

ties who think it better to lease for a term of years. Our rule is ‘‘Give the old tenant 

the first chance at the farm if his work has been good.’’ Under this plan the tenant 
knows he can remain on the farm if his record is good, and it is up to him to do his 

work so that he will not be displaced. 

Weaim to keep the buildings in good condition of repair. Thisisasimple matter, 
but one which seems to keep the feminine end of the family in a contented frame of 
mind. We try to provide facilities for live stock, poultry, garden, etc., in which 

we are not direttly interested but which help the tenant in a financial way. 

PROSPECTIVE OWNERSHIP BY TENANTS. 

In each of the localities visited there were many tenants who 
owned some land. In most cases this land was situated in sections 
where the price of land was lower than where the tenant was located. 
As seen from Table, VII, tenants who had bought in their present 
localities purchased in an average time of from 5.5 years, in Minne- 
sota, to 9.9 years, in Nebraska, after they had started renting. 
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TABLE VII.—Prospective ownership by tenants. 

Tenants 

Years Tenants | Nonown- Mine iin 
acalit rented | whoown | ers who Be ATE 

Ys before some expects) Pv a. 
buying. land. to own. farmin is 

years. 

Per cent. Per cent. Percents 
40 9 60 Kansas: Barton: Countyee. &. cecatessccee eee. ome as 6.2 6 

NebraskaiClay, County >. 2 22 cccnacccmes cece act eeees 9.9 33 85 24 
pouth Dakota: Spink: County:2... 220... a<2c+ dee acteeece 8.3 23 90 60 
INorthsDakota: Barmes' County. 222.22. o8 2c. ees: 6.9 30 92 45 
Minnesota: Renville County..-.........-...-.....-.2 an 5.5 27 96 30 

It will be seen from the table that in only two of the localities 

visited, namely, Kansas and South Dakota, do a majority of the 
tenants think, in view of their past experience, that they can become 
owners in their present localities within 15 years. The owners 
renting additional land in all these localities, while usually admitting 
that a farm is not now so readily acquired by a tenant as when they 
bought, think that they could still become owners were they starting 
to rent. From 85 to 96 per cent of the nonowners expect to own 

farms, if not in their present localities, then some place where land 
costs less. 

BELIEF OF TENANTS AS TO TREND OF RENTS. 

Each tenant was asked to express his opinion as to whether rents 
in his locality were increasing or not. In the Kansas area, 70 per 
cent of the tenants thought that rents were increasing and 30 per 
cent that they were not; in the Nebraska area, 74 per cent thought 
rents were increasing and 26 per cent that they were not; in the South 
Dakota area, the tenants were equally divided in opinion with regard 
to the increase of rent; in the North Dakota area, 34 per cent of the 
tenants thought rents were increasing, while 66 per cent thought 
they were stationary; and in the Minnesota area, 85 per cent of the 
tenants thought that rentswere increasing, while 15 per cent thought 
they were not. 

Tenants who thought rents were increasing claimed that where 
land was rented for cash a higher rate was asked per acre; that share 
rent, instead of being one-third as formerly, was getting to be two- 
fifths; that where the share paid remained unchanged there were 
fewer instances of tenants getting pasture and hay land free; and 

that where cash was paid for pasture and hay land it was commanding 
a higher price per acre. 



RENT CONTRACTS IN THE WHEAT BELT. oe 

PROBABLE INCREASE IN TENANCY IN AREAS VISITED. 

Table VIII shows the increase of tenancy in these areas from 1890 

to 1910: 
Tapie VIII.—Increase of tenancy in the areas investigated. 

Proportion of tenants 
among farmers. 

1890 1900 1910 

eS 
Per cent. | Per cent. | Per cent. 

21. 25.3 38.0 
Wansas: Barton County....-----------:---

---2-2--7 7 eos 

iNabraskas@lay COUNbY. 6-255 -2--2-c-- 922 ee eta oe ess os 33.4 40.7 49.8 

South Dakota: Spink County.....------------+------re
scrrrcr 20.0 26.8 43.4 

North Dakota: Barnes County... -.------------+-+------eerrrrerrrr
t 8.2 7.5 31.4 

Minnesota: Renville County......------------+++2----ccrrer 
rr 9.4 21.6 29.0 

It seems probable that the increase in tenancy in these regions will 

continue at least for some years yet. The average size of the farms 

operated by tenants as found in the investigation varied from 202 

acres in the Minnesota area to 489 acres in the North Dakota area. 

The income from such a farm is sufficient to maintain its owner with- 

out much personal labor on his part. He is therefore likely to retire 

and rent his land. Because of the increased cost of a farm, tenants 

find it more difficult to attain the status of owner, and in the future 

will probably remain tenants for a longer period than has been the 

case in the past. This tendency seems to be general in the regions 

in which the economic farm unit is equivalent to a modest fortune. 
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NOTATION. 

Unless otherwise noted, the various symbols used. 
throughout this publication will have the following 
significance: 
H—Effective head, in feet. 
H,—Loss of head at entrance of siphon, in feet. 
H,—Loss of head due to friction in siphon, in feet. 
H,—Loss of head due to sudden enlargements in siphon, 

in feet. os 
H,—Loss of head due to contractions in siphon, in feet. 
H.—Loss of head due to bends in siphon, in feet. 
H,—Velocity head necessary to. create velocity at the 

entrance, in feet. 3 
V —Velocity, at throat of siphon unless otherwise noted, 

in feet per second. 
A—Area of cross section treated, in square feet. 
k —A coefficient in the formula for siphon discharge, 

ranging from 0.50 to 0.80 and usually assumed ac- 
cording to the materials of construction and the 
form of the siphon. 

g —Acceleration of velocity due to gravity, =32.16 feet 
per second per second. 

C—A coefficient, in the formula for weir discharge vary- 
ing from 2.5 to 4.5 and determined from experi- 
ments on small model weir dams under low heads. 

p —Height of weir in feet above the bed just upstream 
from weir and applied only in the Bazin formula. 

h —Head, in feet corresponding to velocity of approach. 
L —Length of weir crest, in feet. 
Q—Quantity of discharge, in cubic feet per second.: 
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